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(57) Mircolenses 3a and 3b are formed on a first 
surface of a transparent substrate, and an output effi- 
ciency control device 2 which modulates a light amount 
of incident light is provided on a second suiftace oppos- 
ing the first surface. Incident light 4 is made to be inci- 
dent obliquely to an optical axis of the mircolens 3a to 
be focused on the output efficiency controLdewce 2.: _ 
The output efficiency controt^evicer2 modulates a fight 
amount of Inckient light and outputs the light as outgo- 
ing fiqht 5 through the mircolens 3b. Because of such a 
structure, the output efficiency control device 2 can be 
decreased in size, corrpared with a diameter of a beam 
and an aperture of a mircolens. 
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Description 

TECHNICAL RELD 

The present invention relates to an output efficiency 
control device, and a projection-type display apparatus, 
an infrared sensor and a non-contact thermometer 
which use the output effidency control device. 

BACKGROUND ART 

An optical modulator modulates the intensity of inci- 
dent light and outputs it. As a corwentional example, 
there has been an optical modulator desaibed in U.S. 
Patent No. 5.31 1.360 and an article "DefbrmaWe Grat- 
ing Optical Modulator" (Optics Letters. Vol. 17, No. 9. 
May 1 . 1992) by 0. Solgaard et al. This optical modula- 
tor TTiodulates the intensity of light by utilizing the diffrac- 
tion effect of light and has the advantage of being 
miniatunzed and mass-produced in an IC process. 

' Figure 32(a) is a plan view of an optical nxxiulator 
described in the above-mentioned US. Patent and arti- 
cle, and Figure 32(b) is a cross-sectional view taken 
along a line K-IC in Rgure 32(a). 

The optical modulator includes a silicon substrate 
1 001 , a spacer layer 1002 made of a silicon oxide film 
formed In a peripheral region of the silicon substrate 
1001. and a dielectric layer 1003/ The dieiectric l^er 
1003 is patterned to a plurality^ dielectric 
beams 1004, and the dielectric beams 1004 float in a 
hollow space witii both ends supported by the spacer 
layer 1 002. The dielectric layer 1 003 Is made of i silicon 
nitride film rich in silicon, and its residual stress is 
reduced to about 200 MPa. The thickness of the spacer 
Jayer 1002 ard ttie dielectric l^er 1003 © set to be 
^kjual to IM of a Wkreiength|rf flgrt^ 
to be controlled, i.e., light virtiich '© inddent upon the 
optical modulator. 

evenings 1 005 each having a width equal to that of 
each dielectric beam 1 004 are formed between the die- 
lectric beams 1004. Furtfiemwe, an Al reflective film 
1006 which also functions as an electrode is provided 
above the substrate 1001. TTie r^lective fflm 1006 is 
con|iosed of upper reflective films 1 007 formed on the 
surfaces of tiie dielectric beams 1004 and lower reflec-. 
tive films 1008 Ibnned on the surface of the substrate 
1001 through the openings 1005. The upper reflective 
films 1007 and the lower reflective fflms 1008 form a 
reflection-type grating. 

The optical modulation principle of a conventional 
optical modulator having the above-mentioned structure 
will be described witti reference to Figures 33(a) and 
(b). In these figures, components identical with those in 
Rgure 32 are denoted by the reference numerals iden- 
tical with those in Figure 32, and tfieir description will be 
omitted. 

Rgure 33(a) shows a state where a voltage is not 
applied between the reflective film 1006 and the sub- 
strate 1 001 . At this time, the difference in step between 



the upper r^lective films 1007 and tiie lower reflective 
films 1008 is 1/2 of a wavelength of tfie incident light, 
and tiie difference in optical path between light reflected 
from the upper reflective films 1007 and light reflected 
5 from the lower reflective films 1008 is one wavelength. 
Therefore, the phases of these light beams are 
matched. Thus, tfie reflection-type grating functions as 
an ordinary min-or witii respect to incident light 1010 
which is incident upon tfie grating, and ttie incident light 
10 1 01 0 becomes zero-th order diffracted light 1 01 1 to be 
reflected to an incident side. 

On tfie other hand, under tiie condition tiiat a volt- 
age is applied between tfie reflective film 1006 and tfie 
substrate 1001. ttie reflective film 1006 and ttie sub- 
75 strate 1001 forms a capacitor interposing tfie dielectric 
layer 1003 and an air layer 1012, and the reflective film 
1006 is positively charged and tfie substrate 1001 is 
negatively charged. Since an electrostatic attracting 
force is affected between tfie charges, tfie dielectric 
20 beams 1004 are bent and attracted to tfie substrate 
1001 until tfiey come into contact witfi tfie substrate 
1001. as shown in Figure 33(b). At tfiis time, tfie differ- 
ence in step between the surfaces of tfie upper reflec- 
tive films 1007 and tfiose of tfie lower reflective films 
25 1 008 becomes 1/4 of a wavelengtfi of the incident light, 
and tfie difference in optical path between tfie light 
reflected from tiie^surfaces of tfie upper reflective films 
^ ' 1007 and Jtfie' light'reflected from tfie surfaces of tfie 
lower reflei::tiv4 ifilms 1008 bebomes a 1/2 wavelengtfi in 
30 rourKJ travel, whereby tfie phases between tfiese light 
beams are shifted by a h^ wa(ejeng|^ Thus, tfie light 
reflected fnpm the upper^^^^^ and ttie 

light reflected from thVlbwer reflective film 1008 cancel 
each other to eliminate zero-tfi order diffracted light, and 
, di^cted |ght ottjef"^^ ^zerp-tfi order diffracted 
r i I, ligfit fe putpi£;^^or ±iit order dif- 

fracted fight beams 1013a and 1013b are generated at 
a diffraction efficiency of 41%, respectively. As 
described above, tfie optical modulator is capable of 
40 md^^ by turning pn/off a voltage 

, , applied to. tfie reflective film 1006 and the substrate 
lOOi; ' • ^ . "* ^ l/: ^ - 

However, the above-mentioned conventional optical 
modidator modulates incident light having a beam diam- 
.45„ eter. at most witfi a size of ttie grating. Thus, in order to 
modulate incident lighrt having a large diameter, it is 
required to Increase tfie size of tfie grating. However, 
when the grating is increased in size, tfie grating is likely 
to adhere to tfie silicon substrate 1 001 during tfie step of 
50 floating tfie grating by a half wavelength. Therefore, it 
was difficult to produce such a conventional optical 
modulator witfi a good yield. 

The objective of the present invention is to provide 
an optical modulator which is capable of modulating tfie 
55 light amount of incident light having a large beam diam- 
eter and which has a high response speed, an output 
efficiency cortrd device which is capable of obtaining a 
uniform diffraction effect, and a display apparatus, an 
infrared sensor and a non-contact thermometer which 
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use the optical mcxJulator and the output efficiency con- 
trol device. 

DISCLOSURE OF THE INVENTION 

An optical modulator of the present invention com- 
prises: output efficiency control means for modulating a 
light amount of light which is incident thereupon; first 
focusing means for focusing the light onto the output 
efficiency control means; and second focusing means 
for outputting the light whose light amount is modulated 
by the output efficiency control means, wherein the first 
and second focusing means are disposed so as to 
oppose the ou^ut efficiency control means, whereby 
the above-mentioned objective is achieved. 

In ari embodiment, the output efficiency control 
means is a reflection-type optical element. 

In an embodiment, the first focusing means and the 
second focusing means are formed on an identical sur- 
face of a substrate. 

In an embodiment, the optical modulator further 
has a transparent substrate having a first surface and a 
second surface opposing each other, and the first focus- 
ing means and the second focusing means are formed 
on the first surface of the transparent substrate, and the 
output efficiency control means is a reflection-type opti- 
cal element pcm^ ori the second surface of the trans- 
parent subs6at& 7 -.v.. 

In an embodiment, Sie du^jui; effiqiency control 
means indudes: a transparerrt electrode which func- 
tions as a first electrode, forrned on the second surface 
of the tiBhsparern substrate; a^fi^^^ formed on 

* the transparent eieclrode; a sj^qer layer termed on the 
transparent electrode: and a second grating composed 
of a plurality of beams having portforis wfiich function as 
secOTd^ electrodes, both ends of the beams being sup- 
ported on the spacer layer, wherein a distance between 
the transparent dectrode and this siecond grating is var- 
ied by adjusting a voltage applied between the first elec- 
trode ahd the second electrddes, ther^ contrdfing an 
efficiehcy at which the light focused by the first focusing 
means is output to the second focusing means. The out- 
put control efficiency means may further have an insu- 
lating layer provided on the first grating. 

In an embodiment, the-first and second focusing 
meanVfwOh identic shape €^ the" butjxit effi- 
ciency codM means is disposed with a center thereof 
pos'ttioned at a point of intersection of a line verfk^al to a 
plane on which the first focusing means and the second 
focusing means are formed, extending from a center of 
a straight line connecting a center of the first focusing 
means and a center of the second focusing means, and 
a plane on which tiie output effidericy control means is 
^formed. ^ ' "'7,'''' .VLL' . 

In an ent}odinrie^ the first focusing mea^ 
second focusing means havie a similar elliptical shape in 
which a aoss-section in a thickness direction gradually 
decreases arid are ananged in a maj r axis direction 
thereof. Preferably, assuring that an incident angle of 



an optical axis of the light inddent on the first focusing 
means with respect to a vertical direction of a plane on 
which the first focusing means and the second focusing 
means are formed is 6. a size ratio of the major axis of 

5 the ellipsoid to a minor axis is 1/oosO . 

In an embodiment the first focusing means and the 
second focusing means are diffraction-type mircolenses 
having a binary/multi-level structure. 

In an embodiment the first focusing means and the 

10 second focusing means are square lenses each having 
a rectangular aperture, and an inten^al between the plu- 
rality of beams in the second grating of the output eff i- 
dency control means gradually inaeases in a 
longitudinal direction of the beams. A period of the grat- 

15 ing may increase according to a linear function in a lon- 
gitudinal direction of the grating. Preferably, the first 
grating and the second grating of the output effidency 
control means are designed in such a manner that a 
portiori of the gratirig haying a smallest period becomes 

20 7 times or more a wavelength of the incident light More 
preferably, assuming that a length of one side of the lens 
is L. a focal length of the lens is f, and an angle formed 
by a normal to a princqsal plane of the plate of the output 
effidency control device and the optic^ axis of the lens 

25 is 6. the first grating and the second grating are 
designed in such a manner that a portion of the grating 
having ia ^ . 1^^ . ^ .period ^ becomes 
7(2f + Ltane)/(2f - Lbine) times^ more the wave- 
l«igth off the inddent Oght Iri the second grating. 

30 lengths of the plurality of beams rnay be equal. 

In an embodiment the output efficiency control 
means is a movable min^or. 

Aocbrding to another aspect of the i3resent inven- 
tion, a disj^lay apparatus is provided. The display appa- 
ls ratiffi indudes: a light source; s^littirig means for 
qfri'itting light emitted from the 6^ source into a plurality 
of colored light beams; having wavelength ranges differ- 
ent from each other; a pluraTify of optical nKxlulators, 
provided in optical paths of the pliraiity of colored light 

40 b^ms. respectively, for modulating the plurality of 
colored light beams, respectively: and an imaging lens 
irnaging the plurafity.d, colored light beams nx^ 
t>y the plurality of optical modulators, wherein each of 
the plurality of optical modulators indudes: a plurality of 

45- output effidency control means anranged in an array, for 
modulating a light amount of 'a conesponding colored 
6ght beam of the plurality of colored light beams; and 
focusing means having a plurality of focusing elements 
arranged in an array, tiie con-esponding colored light 

50 beam is incident upon tiie focusing means in a direction 
obfique to an optical axis of tiie focusing means and is 
focused on tiie output effidency control means, and the 
modulated con^esponding colored light beam is output 
in ari oblique cHrection through the focusing means. 

55 in an emboCfiment an inddent angle at which tiie 
colored light beam is incident upon tiie focusing means 
is equal to ari angle at which the colored light beam is 
output from the focusing means, an interval at which the 
plurality of output effidency control means are arranged 
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is equal to an interval at which the plurality of focusing 
elements are arranged in the focusing means, and the 
plurality of output efficiency control means are disposed 
so as to be shifted by a half of the an-angement interval 
with respect to the focusing means in a direction in 
which an inddent direction of the colored light beam is 
tilted with respect to the optical axis of the focusing 
means. 

In an embodiment, each of the plurality of output 
efficiency control means is disposed so as to oppose a 
pair of focusing elements adjacent to each other of the 
plurality of focusing elements of the focusing means, 
receives the corresponding colored light beam from one 
of the pair of focusing elements, and outputs the modu- 
lated corresponding colored light beam to the other one 
of the pair of focusing elements. 

; Jn an embodiment, the plurality of output efficiency 
coritroi means are an'anged in an m-row and n-oolumn 
twAO^jimehsional array, the plurality of focusing elements 
are arranged in an (nvi-l)-row and n-column twoKlimen- 
sidhal army in the focusing means/ and output efficiency 
control means on a k*th row is disposed so as to corre- 
spond to a focusing element on a k-th row and a focus- 
ing element on a {k+1)-th row. 

In an entKxJiment. the plurality of optical modula- 
tors include a transparent substrate having a first sur- 
face on which the focusing means is formed and a 
second surface opposing the first surface, and the out- 
put efficiency control means is a reflection-type optical 
element formed on the second surface. Each of the plu- 
rality of output efficiency corrtrol means includes: a 
Jtnansparent electrode whitih' function^ a^ first elejC-^'' 
trode. provided on the second surfece of tfie transparent 
substrate; a first grating forrtied on the tansparent eiec- 
tr<?de; a spacer layer fonried on the transparent elec- ' 
trade; and a second gratihig bbnpc^'dd of'a pIuraBly of 
beams having portions which function as second el^- 
trodes, both ends of the beams being supported on the 
spacer layer, wherein a distance between the transpar- 
ent electrode and the second grating is varied by acljust- 
ing J voltage applied between the first electrode and the 
sed^ electrodes, thereby an efficiency at which the 
corresponding colored light beam is output to the focus- 
ing means is controlled. 

_ J" sn ?mbgdiment. the_ plural^ of focusing ele- 
ments have a similar elliptical shape in which a aoss- 
section gradually decreases in a thickness direction 
thereof. Preferably, assuming that an angle of an optical 
axis of the con-esponding colored light beam incident 
upon the focusing means with respect to a vertical 
direction of a plane on which the focusing means is 
formed is 6. a size ratio of a major axis of the ellipsoid to 
a minor axis is 1/cose . 

in an embodiment ttie splitting rneans has a first 
splitting jBlement which reflects a blue light beam and 
transmits the other light beams, a second splitting ele- 
ment which r^lects a green light beam and transnvts 
the other light beams, and a third splitting element 
which reflects a red light beam and transmits the other 



light beams. A wavelength bandwidth of light reflected 
from the first splitting element is smaller than wave- 
length bandwidths of light reflected from the second 
splitting element and the third splitting element. Alterna- 

5 tively, a wavel ength bandwidth of light reflected from the 
tiiird splitting element is larger than wavelength band- 
widths of light reflected from the first splitting element 
and the second splitting element. Alternatively, a wave- 
length bandwidth of reflected light decreases in the 

10 order of tiie third splitting element, the second splitting 
element and the first splitting element Preferably, the 
light emitted from the light source passes tiirough the 
first splitting element the second splitting element, and 
the third splitting element in this order. 

15 In an emlxxJiment each of the plurality of optical 
modulators further has a control circuit of the output effi- 
ciency control means, and the second electrode of each 
of the output efficiency control means is connected to a 
connecting electrode of the control circuit via a solder 

20 bump. 

In an enixxliment each of the plurafity of optical 
modulators further has light absorbing means provided 
in a region of the transparent substrate other than a 
region thereof where the focusing means and the plural- 
25 ity of output efficiency cprTtro! means are formed. The 
^ fight absorbing means may fdso be on each 

^ieriphery of thd^liJ^ali^ 
^ , , !n an embodiment the .ouftjuf effidercy control 
^ rneans outputs zero-th order diffracted light of the con-e- 
50*'' spondingcoloral light faeam^ " ' ; 
^ In an embodinient ■ the output eff idency 

cbrtfplni 

In an errixklirne^^ tiief focusirig nrjeans is a diffrac- 
tion-typ^ mircolenis %rayr haying a binary/multi-level 

35 ' strudure:^^;,; ''i^^ ! -U'-w-rli;;!. i 

' ih Jan tfiVseoohd grs^ an inter- 

val of the plurality of beariis gradually inaeases in a fon- 
gitudinal direction of the breams. A period of the grating 
increases according to a linear function in a longitudinal 

40 direction of the grating. In the second lengths of 
the plurality of bearre are >^ 
' Aocx)rdirTg to arioiier 

tion, an output eff idency coKtrbl device is provided. The 
output effidency control device is an output effidency 

45 control device which modulates a light amount of inci- 
dent light and outputs the nmlulated light comprising: a 
plate having a portion which functions as a first elec- 
trode; a spacer layer formed on the plate; and a grating 
composed of a plurality of beams which are not parallel 

so to each other, the beams having portions which function 
as second electrodes, both ends of the beams being 
supported on the spacer l^^er, wherein a distance 
between the gratinjg and tfie plate is varied by adjusting, 
a voltage applied between, he first electrode and the 

55 . second electrodes, wherday an output effidency of the 
light is controlled. ;^ 

In an embodiment a period of 1^^ 
^ increase in a tongitudinal direction of the grating. A 
period of the grating increases according to a linear 
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function in a longitudinal direction of the grating. 
Lengths of the plurality of beanrts are equal. 

In an embodiment, the plurality of beams of the 
grating are aligned on an (dentical plane when a voltage 
is not applied between the first electrode and the sec- 
ond electrodes, and every other beam is attracted to the 
plate side when a voltage is applied, thereby the output 
efficiency is controlled. The plurality of beams are 
densely aligned and function as a mirror when a voltage 
is not applied between the first electrode and the sec- 
ond electrodes. 

In an embodiment, assuming that a wavelength of 
the incident light is X, and an angle famed by a normal 
of a principal plane of the plate of the output efficiency 
control device and an optical axis of the incident light is 
6, an operation distance of the grating is set to be 
mAy(4cose) . where m is an integer. 

In an embodiment, assuming that a wavelength of 
the incident light is X. and an angle formed by a normal 
to a principal plane of the plate of the output efficiency 
control device and an optical axis of the incident light is 
e. a thickness of the beams is set to be mX/(4cose) , 
where m is an imeger. 

In an embcdiment, the output efficiency control 
device of the present invention further includes a reflec- 
tive film formed on a surface of the plate and a surface 
of the grating. ' 

' " W^^ output (efficiency control 

device of the present invention further iricludes an insu- 
lating film formed between the plate land tiie grating. 
Furthermore^ the output efficiency control device of the 
present invention further includes a reflective filni 
formed on a surface of the insulating Is^er and a surface 
of the grating. 

According to anothe- aspect of the present inveri- 

' tion. ah infrared sensor is prcnndedi Theliifrarecl senkir 
includes: a lens for fbcustrig infrared fight: a pyro-elec- 
tric element: 'and the output ^idency cbritrol device 
having the above-described configuration, which 
receives the infrared light focused by the lens and out- 
puts at least part of the infrared l^ht to the pyro-electric 

" element ' ^ ' ' _ , 

In an embodiment, the pyro-elecbic element has a 
rectangular surface. 

In an embodiment, the lens has a rectangular aper- 

-ture; : — ^ — — — 



In an embodiment, the output efficiency control 
device is obliquely disposed in such a manner that a 
normal to a principal plane of the plate is disposed so as 
not to be parallel to an optical axis of the lens. 

In an embodiment, the output efficiency control 
device is disposed in such a manner that only zero-th 
order diffracted light of diffracted light diffracted by the 
grating of the output efficiency control d^rice is incident 
upon the pyro-electrlc element and diffracted light other 
than the zero-th order diffracted fight is not incident 
upon the pyr6:electric element 

In an embodiment a change in a distance between 
the grating and the plate of the output efficiency control 



device changes a light amount of the zero-th order dif- 
fracted light. 

In an embodiment, the infrared sensor further 
includes a sealing member having an opening, and the 
5 sealing member contains the output efficiency control 
device and the pyro-electric element. The lens may be 
provided in the opening of the sealing member. 

In an ent)odiment. the lens is a diffraction-type 
lens. 

10 In an enUx)diment a smallest period of the grating 
of the output efficiency control device is 7 timesi or more 
a wavelength of the infrared light. Assuming that a 
length of one side of the lens is U a focal length of the 
lens is f. and an angle formed by a normal to a principal 

15 plane of the plate of the output efficiency control device 
and an optical axis of the lens is 6. a largest period of 
the grating is 7(2f + Ltane)/(2f - Ltane) times or more a 
wavelength of the infrared light. 

In an embodiment the output efficiency control 

20 device is disposed in such a nnanner that a direction 
which is parallel to a principal plane of the plate and ver- 
tical to the grating is vertical to an optical axis of the 
lens. 

According to another aspect of the present inven- 
ts tion, an infrared sensor is provided. The infrared sensor 
includes: an output efficiency control device having a 
structure as described above, which outputs at least 
part of indderit infrared light; a pyro-elibtric element; 
andalensfbrfc>c^ 
30 output effidency control device onto the pyro-electric 
element provided between the output efficiency control 
dewe£axl|hepyro-elecfricete^^ , 

Ih an eiitbdimenC the pyro-electric dement has a 
rectarigular surface. 
35 In an emlxdiment. the lens has a rectangular aper- 
; 'ture:'"' ' ' 

In an embodimerrt the output effidency control 
device is obfiquely disposed in such a manner that a 
normal to a principal plane of the plate is not parallel to 
40 an optica] a3ds of the lens. 

, In an embodiment the ou^ut effidency control 
device is disposed in siich a manner that only zero-th 
order cfiffracted light of diffracted light diffracted by the 
grating of the output efficiency colitrol device is incident 
45 upon the pyro-electric element, and diffracted light other 

than the zero-th order-diffracted- light is not incident- 

upon the pyro-electric element 

In an embodiment, a change in a distance between 
the grating ajnd the plate of the output effidency control 
50 device changes a light amount of the zero-th order dif- 
fracted light 

In an enr^Dodiment the infrared sensor further 
indudes a sealing membier having an opening, and the 
' sealirig mentiser contains the output effidency control 
55 device and the pyro-electric element 

In ah cffnbodiment. the lens has a surface relief 
structure in accordance with a modulated amount of a 
phase of the leris and is composed of a material 
selected from the group consisting of Si. Ge. GaAs. InP. 
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GaP, ZnSe. and ZnS. 

In an embodiment, the output efficiency control 
device is disposed in such a manner that a direction 
which is parallel to a principal plane of the plate and ver- 
tical to the grating is vertical to an optical axis of the 
lens. 

According to another aspect of the present inven- 
tion, an output efficiency control device array is pro- 
vided, which modulates a light amount of incident light 
and outputs the modulated light, having a plurality of 
output efficiency control devices anranged in a two- 
dimensional array. Each of the plurality of output effi- 
ciency control devices includes: a plate having a portion 
which functions as a first electrode; a spacer layer 
formed on the plate; and a grating composed of beams 
which are not parallel to each other, the beams having 
portions which function as second electrodes, both 
er^s of the beams being supported on the spacer layer, 
wherein a distance between the grating and the plate is 
ysiPied by adjusting a vbftage applied between the first 
electrode and the second electrodes, thereby an effi- 
ciency at which Ihe light is output is controlled. 

According to another aspect of the present inven- 
tion, an infrared ser^r is provided. The Infrared sensor 
includes: a lens for focusing infrared light; a pyro-elec- 
trie element; and an output efficiency control device 
array having tfiei^'atwefmeri^^^ structure, which 
receives the infrared Rght fc^ the lens and out- 
puts at least part of the infrared light to the jDyro-electric 
element . 

According to still another aspect, of the present 
inventipri, a method for drivj^^^ an infrared sensor hav-,. 
ing" the above-mentioned structure is provided, the 
method includes the steps of: successively operating 
the plurality of ou^ut effldehcy control, devices, and 
successively detecting output , signals from the pyrb- ' 
elecfric element thus obtained;, and detecting a two- 
dimensional infrared light intensity distribution as infor- 
mation in time sequence, based on the detected output 
signals from the pyr<^el€Ctric d 
^^^Abcording to >tiir>nbther aspect of the present" 
invention, an infrared sensor is provided. The Infrared 
ser^r Includes: an output efficiency control device 
arra^having the above-mentioned sfructure, which out- 
. PM*? frtjeast partof inddent infrared light; a pyro-electric 
element; and a lens for focusing the Infrared light output 
from the output efficiency control device onto the pyro- 
electric element provided between the output efficiency 
confrol device and the pyro-electric element. 

According to still another aspect of the present 
invention, a method for driving an infrared sensor hav- 
ing the above-mentioned sfructure is provided. The 
method includes the steps of: isfuccessively operating 
the plurality of oxx^piA effldericy control devices, and 
successively dete^ng output signals, from tiie pyro* 
electric element thus obtained; and detecting a two- 
dimensional Infrared light lrrtensi|^ distribution as infor- 
mation iri time sequence, based on the detected output 
signals from the pyro-elecfric element. 



According to still another aspect of the present 
invention, a non-contact thermometer is.provided. The 
non-contact thermometer includes: a lens for focusing 
infrared light; a housing having an opening; a shield 
5 which doses and opens the opening; a pyro-electric 
element provided in the housing; contact-type tempera- 
ture measuring means provided on a side wall of tfie 
housing; and an output efficiency control device having 
ttie above-mentioned structure, which is provided in the 
10 housing, receives tiie infrared light focused by the lens, 
and outputs at least part of the infrared light Preferaljly. 
ttie contact-type tenperature measuring means is a 
tfiermo-couple. 

According to still anotfier asped of ttie present 

15 invention, a non-contad tttermometer is provided. The 
non-contad tfiermometer includes: a housing having an 
opening: a shield which doses and opens tiie opening; 
a pyro-eledrlc element provided in the housing; con- 
tact-type temperature measuring means provided on a 

2o' Side wall of the housing; an output effidency confrol 
device having the above-mentioned structure, which is 
provided in the housing, receives infrared light tiirough 
tiie opening, ami outputs at least part of tfie infrared 
light; and a lens which outputs at least part of tfie infra- 

25 red ligtit output from the output effidency confrol device 
to the pyro-eiectric element Preferajaly, the contact-type 
.^. temperature iTieasuring means is a M 
^••tI^^^ another aspect .of tfie present 

invention,' a non-contad tfiermometer is provided. The 

30 non-coiitact thermometer Includes: a lens for focusing 

. J'^'?^ spiffing; a shield 

, , , v»rfiich .doses "ai^ bperis the^^ 

element provided in the housing; contact-type tenpera- 

^^ .ture measuring means provided on a side wall of the 

.35^ hoMsi(^ oigput.efTK^iehty o^ array 

ha^ng the £^ sfructure, which is pro- 

vided in the housing, receives tfie infrared light focused 
by the lens, and outputs at least part of ttie infrared light. 
Preferably, tfie contad-type temperature measuring 

. 40 / mearis isathern^^ ,1. . _ , ^ 

According to s^ll anottier aspedlof .tfie present 
invention, a non-contad tfiermometer is provided. The 
non-contact tfiermometer indudes: a housing having an 
opening; a shield which closes and opens tfie opening; 

45 a pyrorelectric element provided in the housing; con- 
tect-type temperature measuring means provided on a 
side wall of the housing; ttie output effidency confrol 
device of daim 71, which is provided in tfie housing, 
receives infrared light inddent tfirough tfie opening, and 

50 outputs at least part of tfie Infrared light; and a lens 
which outputs at least part of tfie infrared light output 
. from the output effidency cont;ol device to tfie pyro- 

. . electric ejemerit. Prefera^ cpntad-type tempera- 
tiire nieasuring me^ 

55 . According to still another .'asped of the present 
Invention, a method ftpr prbdudng a display apparatus 
having tfie aboveHTientipne^ 
production metfiod includes tfie steps of: produdng the 
plurality of optical modulators: and arranging and 
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assembling the light source, the splitting means, the plu- 
rality of optical modulators, and the imaging lens, 
wherein the step of producing the plurality of optical 
modulators includes: forming the fbcu^ng means on a 
first surface of a transparent substrate: forming the plu- 
rality of output efficiency control means each having a 
connecting portion for driving on a second surface of the 
transparent substrate opposing the first surface; con- 
necting the connecting portion for driving to a driving cir- 
cuit for driving the plurality of output efficiency control 
means; in the case where there is a connection defect 
between the connecting portion for driving and the driv- 
ing circuit irradiating the connecting portion corre- 
sponding to the connection defect witii laser light, 
thereby repairing the connection defect 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is a view showing a structure of an optical 
modulator In Emtxxiinient 1 of the present invention: (a) 
is a perspective view seen from a lower surface and (b) 
is a side view. 

Figure 2 is a cross-sectional view taken along a line 
A-A' in Figure 1. 

Rgure 3 shows an example of diflraction-type ellip- 
tical ntircdenses: (a) is a plan view and (b) is a cross- 
sectional view of one of the mircolenses in (a). ^ 

Figure 4 illustrates the steps of producing an ou^ 
efficiency control device in Entodiment 1. 

Rgure 5 is a view showing a structure of an optical 
modufator using a movable minror asi an output effi- 
ciency control device. V 

Rgure 6 is a pi^spectivie view seen f^m a lower " 
surface showing a structure of the optical modulator in 
Embodiment 2 of the jaresent irwention. 

Rgure 7 schematically showfe^^ of a disi- 

play ai^xvatus in Embodiment 3 of the present inven- 
tion, ' ' 

Figure 8 is a view showing a structure of an optical 
modulator m the display apparatus in Figure 7: (a) is a 
top perspective view and 0>) *s a cross-sectional view. 

Rgure 9 shows a state where a driving circuit driv- 
ing an output efficiency control device is connected to 
the optical modulator in the display apparatus in Rgure 

Rgure lO^hows wavelengtlvdependence charac- 
teristics of a zero-th order diffraction efficiency (output 
efficiency of reflected ligfit) of tiie output effidency con- 
trol device in Embodiment 3. 

Figure 11 shows a relationship between the array of 
a pluraRty of arranged rectangular mircolenses and the 
aperture ratia 

Rgure 12 is a perspective view showing a structure 
of an infrared sensor usirig the butpiit efficiency control " 
device m Embodiment 4 of the pres^ invention. 

Figure 13 is a side view of the infrared sensor in 
Rgure 12. 

Figure 14 is a plan view of a lens of the infrared 
sensor in Figure 12. 



Rgure 15 is a view showing an example of a spot 
shape on a pyro-electric element: (a) shows tiie case 
where incident light is focused on the pyro-electric ele- 
ment using a conventional circular lens and (b) shows 
5 tiie case where a lens is in tiie form of a rectangle. 

Rgure 16 shows a structure of an output efficiency 
control device in Embodiment 4: (a) is a plan view and 
(b) is a cross-sectional view taken along a line B-B' in 
(a). 

10 Rgure 1 7 illustrates the steps of producing tiie out- 
put efficiency control device in Figure 16. 

Rgure 18 illustrates an operation of the output effi- 
ciency control device in Rgure 16. 

Rgure 19 shows a structure of an optical modulator 
75 in a display apparatus in Embodiment 5 of the present 
invention: (a) is a top perspective view and (b) is a 
cross-sectional view. 

Rgure 20 shows a state where a driving circuit for 
driving an output efficiency corttrol device is connected 
20 to the optical modulator in the display apparatus in Rg- 
ure 19. 

Rgure 21 schematically shows a grating configura- 
tion of the output efficiency control device in Embodi- 
ments. 

25 Rgure 22 is a view showing a structure of an ou4}ut 
efficiency control device in En^xxliment 6 of the present 
invention: (a) is a pAan view and (^^ 
view taken along a iihis E-E' in (a). 

Rgure 23 shows a structure of ah output efficiency 
30 'cbritrol device in Er!t)od 

' (a) is a plan view and (b) is a cross-sectional view taken 
■ alongalirieFFm^). , 

V Figure 24 illislrates the steps bf pr^ the out- 
put efficiency control device in Rgure 23. 
'35 Rgure 25 illistrates an operation 
dehcy contrd device 
. " I Rgure 26 is a view showing a structure of an infra- 
red sensor in Embodiment 8 of tiie present invention: 
(a) is a side view and (b) is a view seen in a -x direction 
40 from a plane which is parallel to a y-z plane and 
^ includes a line iG-G'. 

Rgure 27 is a view showing a structure of an infra- 
. red sensor in Embodiment 9 of the present invention. 
Figure 28 is a view showing a stnK:ture of an output 
45 efficiency control device array in the infrared sensor in 
Rgure 27:~{a)~is a plaFweSTCb) isTcross-secSraT 
view taken along a line H-H' in (a), and (c) is a cross- 
sectional view taken along a line l-l* in (a). 

Rgure 29 is a view showing a structure of means for 
so measuring a two-dmensional intensity distribution of a 
light source (heat source) using the output efficiency 
control device array in Embodiment 9. 

Rgure 30 is a view showing, a structure of an infra- 
red sensor in Embbdimerrt 10 of the present invention: 
55 (a) is a skJe view and (b) is a view seen in a -x direction 
from a plane which is parallel to a y-z plane and 
includes a line iW. ' 

Rgure 31 is a aoss-sectional view showing a struc- 
ture of a non-contact tfiernrx)meter in Embodiment 1 1 of 
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the present invention. 

Figure 32 is aview showing a structure of a Gonven- 
tional optical modulator: (a) is a plan view and (b) is a 
cross-sectional view taken along a line K-K' in (a). 

Figure 33 illustrates an optical modulation principle 
of a conventional optical modulator. 

Rgure 34 is a plan view of an array of diffraction- 
type elliptical mircolenses. 

Figure 35 is a view showing a structure of an optical 
modulator using an array of movable mirrors, 

BEST MODE FOR CARRYING OUT THE INVENTION 

(Embodiment 1) 

Rgures 1(a) and (b) are a perspective view seen 
from. a lower surface showing a structure of an optical 
malulata in Embodiment 1 of the present invention and 
a i^kje view thereof, and Rgure 2 is a cross-sectional 
vi4w taken along a line A-A' in Rgure 1 . . 

In the optical modulator of the present errtxxfiment, 
as shown in Rgure 1, a mircolens 3a as first focusing 
means and a mircolens 3b as second focusing means 
are formed on a first surface which is a surface of a 
transparent substrate I rnade of glass or the like having 
a thickness of, for example, 2 mm. The mircolenses 3a 
and 3b are provided adjacent to each other, having the 
klentical shape. / ^ .^^-'-t'-'- r- 

A reflection-type output efificiency control device 2 
is formed on a second surface opposing the first surface 
of the transparent substrate 1. The output efficiency 
confrol devip^ 2 is proyide^^ 
aos^ed point of a vertical line to ttie plane (first surface 
on which the. lenses are formed/ from the 
ci&f^tter of a stnaJght linie connecting the cerrter of the lens 
3a to the center of the lens 3b, arid the plane (second 
surface) on which the output efficiency control device 2 
is formed. In other words, in the present embocfiment. 
the output efficiency control device 2 is disposed right 
below the middle point between tiie mircolenses 3a and 

the present embodiment circular lenses having 
an ajpertiire of 1 mm were used as the mircolenses 3a 
and'3b. Such circular lenses may be produced by any 
method. In.the.present embodiment, a resist is coated 
on a substrate 1 . the substrate 1 is baked at a softening 
temperature of the resist or higher so as to cause tiie 
resist to flow, and the resist is formed into a mountain 
shape by surface tension. 

In the present embiadiment. altiiough circular mir- 
colenses are used, the shape of tiie mircolens is not lim- 
ited thereto. For example, rectangular or elliptical lenses 
can be used. Furthermore, a diffraction-type mircolens, 
br ad aspherlc lieins byasemiconduc- ^ 

tor process siidi as photolithography, etching, and dep- . 
ositioa Rgure 3(a) is a fDlah view ishowing an example 
of diffraction-type elliptical mircolenses. Rgure 3(b) is a 
cross-sectional view of one mircolens in Rgure 3(a) 
taken along an x-z plane. A diffraction-type mircolens 



having a tH'nary/multi-level structure in the form of steps 
in cross^section as shown in Figure 3(b) can be mass- 
produced by repeat photolitiiography. etching/deposi- 
tion of tiiin films used in an ordinary semiconductor 
5 process. Therefore, mircolenses having outstanding 
mass-productivity and production precision can be 
obtained. 

For example, inddent light 4 having a beam diame- 
ter of 0.9 mm is incident upon the mircolens 3a so tfiat 
10 an optical axis of tiie incident light 4 is at an angle of 01 
(e.g., 20.2**) with respect to in a z-axis direction shown 
in Rgure 1(b), fravels through tiie substrate 1 while tiie 
optical axis tiiereof is at an incident angle of 6 (e.g., 
IS-S**), and is focused onto the output efficiency control 
15 device 2. Here, tiie incident light 4 is reflected (reflection 
angle: 6, e.g., 13.3^), is collimated by the mircolens 3b. 
and is output as outgoing light 5 with tiie optical axis 
bang at an output angle of ei (e.g., 20.2**). 

In tiie present embodiment, a light-absobing mem- 
20 ber 6 is provided in a region of the surface of the trans- 
parent substrate 1 otfier than the regions where the 
mircolenses 3a and 3b and the output efficiency control 
device 2 are formed. The light-absorbing member 6 was 
produced by coating a film which has a light-absorbing 
25 function witfi respect to a wavelength of incident light, 
e.g. , cajton or phrthjalpcyanine compound mixed with 
./a poi^er^udi as polyimide and PMMA However, the 
structure an^ for production of the fight-absorb- 
ing member 6 are not limited ttiereta The light-absorb- 
so ing merrber 6 may be formed li^ vappr-depositing an 
organic film of a pigm§rrt .cf the Ute hjawng a light- 
. ; absortjing effert with respect to a wavelength of incident 
- , pght Such ^Jight-ateorbing mefrt>er 6 has ttie effect of 
remoNiirig sir<^ light iri th^i subsbate 1 and.from outside 
35 df ih^ s^^ and impipvirig an S/N ratio of the out- 
, . gdngljglrt5";.^--\jr /■■r,B^''.:^];r- '-^^'r'-t^:-^'r: 

In the present embodiment the light-absorbing 
member 6 is also provided on the periphery of tiie mir- 
colenses 3a and 3b. Such a structure has the advan- 
ce . tage of allovidng orily the regionsi with satisfactory lens 
> characteristics to be used as first and second focusing 
means, without using the periphery of the , mircolenses 
where iie lens characteristics are generally likely to 
degrade due to the surface tension with respect to the 

45--substrate1.r~- T ------ 

The plane structure of the output efficiency control 
device 2 is shown as a perspective view in Rgure 1 (a), 
and the output efficiency control device 2 has a size of, 
for example, 100 jim x 100 ^m. Hereinafter, refemng to 
so Rgures 2 and 4, the struchire and tiie production steps 
of the output efficiency control device 2 will be 
. described. In the following description of tiie structure of 
,y ; the outpirt dfider^cy^oo^^ ^device 2,.the staicture is 
described, seen from the reverse surface (second sur- 
55 face) of tiie substrate 1 , and therefore, the vertical rela- 
tionship is opposite to tiiat in Rgure 2. 
. , Rrst as shown in. Rgure 4(a), a fransparent con- 
ductive film 7 which functions as a first electrode and a 
. reactive film 8 are formed in ttiis order on one surface 
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of the transparent substrate 1 . In the present ennbodi- 
ment. a glass substrate with a thickness of 2 mm is used 
as the substrate 1 . an ITO film with a thickness of 500 A 
is formed on the substrate 1 as the transparent conduc- 
tive film 7. and an Al film with a thickness of. for exam- 
ple. 4000 A is formed as the reflective film 8. 

Then, a resist mask (not shown) is formed on the 
reflective film 8. and the reflective film 8 is patterned to 
an appropriate shape by etching, whereby a first grating 
8a is formed as shown in Figure 4(b). Tliereafter. as 
shown in Figure 4(c), an insulating layer 9 with a thick- 
ness of L2 is formed so as to cover the grating 8a. In the 
present embodiment, a SiOg layer with a thickness of 
0.086 ixm was formed as the insulating layer 9. Ihe 
insulating layer 9 is used for preventing a short drcuit 
between the first grating 8a and a second grating 8b 
desaibed later. 

Furthermore, a sacrifice layer 10 and a reflective 
film 8* are formed as shown in Rgures 4(d) and 4(e). In 
the present embodiment a polyimkle layer with a thick- 
ness of 0.3 fim was formed as the sacriftce layer 1 0 and 
an Al film with a thickness of, for example, 4000 A was 
formed as the reflective film 8'. The sacrifice layer 10 
functions as a spacer layer. Then, a resist mask (not 
shown) is fomied on the reflective film 8\ and the r^ec- 
tive film 8' fe patterned to an appropriate shape by etch- 
ing, whereby a second grating 8b^wh ich ftmction s as a 
second electrode and an electrod^ 8c are formed as 
shown in Rgure 4(f). The second grating 8b is formed 
as a plurality of beams with both ends thereof supported 
on the sacrifice l^er (spacer layer) 10 and electrically 
connected to the electrode 8c. Rnally, the sacrifice layer 
10 is renx)ved. This allows ia ^ce with adidance ofls 
to be formed between the second grating 8b and the 
insulating layer 9. - ; ^ 

. > >V\fliCT a voltage fe first elec- 

trode 7 and the second electrode8b, the si^oond gratvig 
8b comes into contact with the SiOa tayer 9 by ^ectro- 
static force. As a result the distance between the first 
and second gratings 8a arid 8b changes. This enables 
even the output efficiency of incklerrt light from the sub- 
strate 1 side to be controlled." 

A thickness Lg of the SiOa layer 9 and a distance I3 
in the space between the second grating 8b and the 
Si02 layer 9 are set so as to satisfy - X/(4ncose) . 



L3^3l/(4cosei )", whlM^tfiei^fiBrtrve ind 
layer 9 is n (e.g.. 1 .5) and the wavelength of the incident 
fight 4 ts X (e.g., 0.5 pm). Thus, under a state where a 
voltage is not applied as shown in Figure 2(a). the dis- 
tance between the first grating 8a and the second grat- 
ing 8b seen from the inckient light 4 side becomes a 1/2 
wavelength, and the phases of light are matched in 
round travel. That is, the output efficiency control devtee 
2 functions in the same way as in a mirrow' under ho 
applk^atfon of voltage, and only the r^ected light 15 
which is zero-th order diffracted light is generated. On 
the other hand, the cfistance between the first grating 8a 
and the second grating 8b becomes a 1/4 wavelength 
under the application of a voltage as shown in Rgure 



2(b). Therefore, the phases become opposite in round 
travel, and reflected light beam disappears, whereby 
±1st order diffracted light 11a and 11b are generated. 
That is, the intensity of the rdlected light 5 or the inten- 

5 sities of ±1 St order diffracted light 1 1 a and 1 1 b can be 
modulated; however, in the present embodiment, 
reflected light (zero-th order diffracted light) is paid 
attention to, and the reflected light is modulated. 

The optical nxxJulator of the present invention 

10 focuses the incident light 4 onto the mircolens 3a, 
directs the incident light 4 onto the output efficiency con- 
trol device 2, collimates reflected light which is zero-th 
order diffracted light by the mircolens 3b. and outputs 
the collimated light as the outgoing light 5. This enables 

15 the efficiency of the outgoing light to be nxxiulated by 
using the output efficiency control device 2 with an area 
much smaller than beam diameters of the incident light 
4 and the outgoing light 5. In the output efficiency con- 
trol device 2 witti a size of 100 fim x 100 fim produced 

20 as descn*bed ^bov^, the second grating 8b is not likely 
to adhere to the Si02 layer 9 during the step of floating 
the second grating 8b. Thus, an output efficiency control 
device 2 can be produced with a good yield. 

Moreover, since the grating portion decreases in 

25 size, response speed can be inproved. 

Furthermore, in tiie optical modulator of the present 
ent xxfime nt as de scribed above, t he mircolenses 3a 
and 3b and the output effidency corrtrol device 2 are 
monolithically integrated on the front and reverse sur- 

30 faces' of t^ substrate 1. Thus, an optical 

modulator which is stable in terrns of structure can be 

^ ; obtained. ■ : •: ^ 

' output ieffictency contn)ldence2byusingamircdens^ 

35 it is rkjuired to efficiency control 

■ device 2 exactiy dh the foi^ point of the mircolens. 
However, in the optical nnodid^ priesent embod- 
imerTt.'the distance behveen the mircolens and the out- 
put efficiency control device 2 can be precisely set witii 

40 ease only by presaft)ing the thickness of the transpar- 
ent substrate 1 ^ as to correspond to the focal length 
the mircolens. Thus, assembly can be conducted w'rth 
igood precision^ 

An output efficiency control device and focusing 

45 means for focusing incident Hght onto the output effi- 

~~^encyoonti^raew 

strates and then corTt)ined. Furthermore, a 
conventional optical n^ulato' and a ntircolens can be 
combined, although tiiey camot be integrated. 

50 Furthermore, in place of the reflection-type output 
efficiency control device used in the present embodi- 
ment, a combination of an output efficiency control 
deyice^ which functions in tiie form of a transmission 
' t^ Wxj reflet such as a mirror, may be 

55 with first ard second fKusing means such as mir- 
coter^iBS. \ 

A device with a grating structure utilizing diffraction 
is used as the output effidency control device in tfie 
present embodiment The output efficiency control 



9 



17 



EP0 801 319 A1 



18 



device is not limited thereto. Any device which is capa- 
ble of controlling an output efficiency of light can be 
used. For example, a movable mirror with a micro mirror 
structure capable of being controlled by electrostatic 
force may be used. g 

Figure 5 shows a structure in cross-section of an 
optical modulator using a movable minror as an output 
efficiency control device. In this optical modulator, a 
substrate 20 with a movable mirror 24 provided on one 
surface and a transparent substrate 22 with mircolenses io 
3a and 3b as first and second focusing means provided 
on one surface are disposed in such a manner that the 
movable minor 24 faces the mircolenses 3a and 3b. 
Each movable min-or 24 is disposed right below a mid- 
dle point between the adjacent mircolenses 3a and 3b 75 
in the same way as in the above-mentioned output effi- 
cienqy control device 2 with a grating staicture. reflects 
ligrtf,4 which is incident through the mircolens 3a. and 
outputs tfie light 4 as reflected light 5 through the mir- 
colens 3b. In the optical modulator with such a struc- 20 
tureT light modulation is conducted utilizing only the 
reflection of light. Therefore, there is an advantage in 
that the output efficiency does not depend upon a wave- 
length of the incident light 4 and the device is easy to 
use. 25 

(Embodiment 2) "V" ^ - 

' \y 'r. in; ' r.'^ 'v - * ;; .*•■>•'■:-■:.. vi'r ■, 

Figure 6 is a perspective view seen from a lower 
surface, showing a basic s*ijcture dan optical modula- so 
tor of Embodiment 2 according to the present invention. 
, In Figure ^6, the same components as those in Figure 1 * T 
are denoted by the same reference fiumerais as those 
therein, and the desaption thereof will be omitted. 
, .Jlh? <3«3'^cal moduiatw embodiment is 35 
different from thaif in the above-irhentioned Embodiment 
.1 oniy in the structures of the first focusing means for 
focusing light onto an output efficiency control device 2 
and second focusing means for outputting light from the 
butiwt eff i^ coritrol device 2; In Embodiment 1 , the 40 
ai^M^jtit^ 3a and 3b are used as the first and 
seddhdTfcx^ in the present 
eni^iment, elliptical mircolenses 3'a and 3'b are pro- 
vidi^'ih such a manner that their major axes are adja- 
cent to each other. 45 

Each of the elliptical mircolenses 3'a and 3'b has a 
similar elliptical shape in which a cross-section in a 
thickness direction gradually becomes smaller. They 
are designed in such a manner that a size ratio of a 
major axis to a minor axis of an ellipsoid becomes so 
1/cosei . where 61 is an incident angle of incident light 

As described above, tiie mircolenses 3'a and 3'b 
are deigned so as. to have elliptical sfiapes in accord- 
ance wHh the incident angfe, thereby abeoation caused 
witti respect to light which is obliquely iriddent upon the ss 
mircolens is reduced and optical modulation can be 
conducted satisfactonly. 

In tfie present embodiment, the size ratio of a major 
axis to a minor axis of an ellipsoid was prescribed to be. 



for exanple, 1.22 at, for example. ei = 35°. The device 
was able to function satisfactorily even at such a large 
incident angle. In particular, as the elliptical mir- 
colenses, diffraction-type elliptical mircolenses with a 
binary/mufti-level structure as shown in Figures 3(a) 
and (b) are suitable in terms of production. 

(Embodiment 3) 

Refening to Figures 7 ttirough 1 0. a display appara- 
tus of Emlxxdiment 3 according to the present invention 
will be described. In these figures, tiie same compo- 
nents as those in Figures 1 through 6 are denoted by 
tfie same reference numerals as tiiose therein, and the 
description thereof will be omitted. 

Rgure 7 schematically shows a structure of a dis- 
play apparatus in the present embodiment Figures 8(a) 
and (b) are a top perspective view and a cross-sectional 
view showing a basic structure of an optical modulator 
in tiie display apparatus in Rgure 7. Rgure 9 shows a 
state where a driving circuit for driving output efficiency 
control devices is connected to the optical modulator in 
. tfie display apparatus in Rgure 7. Rgure 10 shows tfie 
wavelengtfi dependence characteristics of zero-th order 
diffraction efficiency (output efficiency of reflected light) 
of the OMtput effipiency controLdevice in tiie present 
errtxxliment' . ' . v^JjJ^'^.. 

As shown in Figure 7, tiie.displV apparatus of tfie 
present invention has a light source 201. dichroic mir- 
rors 202a. 202b. 202c. 202d and i202e. tfiree optical 
. modula^ and a 

prpjection lens MSvwScS onto a 

screen. The light source 201 is a white light source such 
as a m^ f^ide lamp and a xenon ,|a^ White light 
. einitt^ from the light source 201 is spljt into blue light, 
green light, and red light fey the didhroic 202a, 
202b, and 202c which selectively r^Iect only light in a 
particular wavelength range, and the split light beams 
are incident upon tfie optical modulators 203a, 203b. 
and 203c,, respectively provided for t^^ colored light 
beams. Here, ttie respective colored light beams are 
modulated in accondance wrth an image to be displayed. 
Each modulated colored light beam is combined into 
one light beam by tfie dichroic mirrors 202d and 202e 
and projected onto a screen (not shown) by tfie projec- 
tion lens 205. . 

Hereinafter, the operation of the display apparatus 
in the present embodiment will be described. 

Ught emitted from the light source 201 as colli- 
mated light is incident upon tiie dichroic min-or 202a 
which selectively reflects blue light (e.g.. light in a wave- 
lengtfi range of 0.41 to 0.49 jim). Here, only blue light B 
is reflected, has its direptjon changed by 90* to be ind- 
dent upon tfie ofitical modulator 203a the optical mod- 
ulator 203a is„ switched on a pixel basis by a control 
circuit (not shown) and modulates incident light on a 
pixel basis. Thus, pixels outputting reflected light which 
corresponds to zero-tti order diffracted light and pixels 
not outputting reflected light exist Modulated blue light 
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B' is incident upon the dichroic mirror 202e which selec- 
tively reflects blue light in the same way as in the dich- 
roic mirror 202a. The modulated blue light B* has its 
optical path bent at the dichroic mirror 202e and is com- 
bined with other light to be formed as an image on the 5 
screen (not shown) by the imaging lens 205. 

Among green light and red light transmitted through 
the dichroic min-a 202a, the green light G is reflected by 
the dichroic mirror 202b which selectively reflects green 
light (e.g., light in a wavelength range of 0.5 to 0.6 \im), 10 
and has its direction changed by SO"" to be incident upon 
the optical nKxJulator 203bi Modulated green light B' 
has its direction changed 90*" by the dichroic mirror 
202d which selectively reflects green light in the same 
way as in the dichroic mirror 202b and is combined with 15 
other colored light beam to be formed as an image by 
the projection lens 205. 

The red light R transnrtitted tiirough tiie dichroic mir- 
ror 202b has its optical path bent by 90"* by the dichroic 
min'or 202c which selective^ reflects red light (ag. . light 20 
in a wavelength range of 0.6 to 0.7 fun). is incident upon 
the optical nnbdulator 203c. and spatially oKxiulated. 
Modulated red light R' has its optica! path bent by tie 
mirror 204 and is formed as an image by the lens 205. 
As a result a color image with three primary colors 25 
mi)^ tiierein is formed on the scre&i. 
- In leach optical nroduiator. as shown in Figures 8(a) 



be 0.55 urn, and the design wavelength of the optical 
modulator 203c for red light was prescribed to be 0.65 
pm. 

As shown in Rgure 8(b). each optical modulator is 
disposed in such a manner that, light 4 which is incident 
from the corresponding dichroic min'or is incident 
obTiquely with respect to the optical axis of tiie mircolens 
3- and output from an adjacent mircolens obliquely with 
respect to the optical axis thereof at the same angle as 
the inddent angle. Furtiiermore, in each optical modula- 
tor, tiie arrangement interval between tiie output effi- 
ciency control devices 2* arranged adjacent to each 
ottier is prescribed to be equal to the arrangement inter- 
val between the mircolenses 3** arranged adjacent to 
each other, and an anay of the output efficiency control 
devices 2' and an array of the mircolenses 3" are 
arranged to t>e shifted from each otiier by a half of the 
arrangement interval in a direction in which incident light 
is tilted (x-directipri in Figure 8Cb)). . 

" Acbording 16 th6 above^ in 
the optical niodulatdr of the present invention, a mir- 
colens. which is first focusing means allowing the light 4 
to be incident upon.each output efficiency control device 
2\ also functions as second focusing means which out- 
puts light 5 from the output efficiency control device 2' 
adHacent in the xK^irection. Thus, as described in the 
above-mentioned EmjxxJiment 1, the output efficiency 



arid (b). a pluraTrty of focusing means. e.g;, ntircolenses 
3** with an aperture of 40 pifh arranged in an array ar;e 
formed on a first surface which is the surface of a trans- 30 \ 
parent substrate i . so' as to be adjacent to each other at 
a period of. for example. 40 pm. and a plurality of output 
effidency control dances 2* arrariged ih^ anay are' 
formed on a second surface of the transparent substrate 
1 opposing the first surface at a period of, for esiample, 35 
'40 iinlfin the present ©nboc&nent, the size of each out- "~ 
jaut eff idency cbfitrol device 2' was prescribed to be 20 
jini 5<2!0 jirn. s - ■ ^ - 

In the present embodment. light is also focused 
onto the output efficiency control device 2' by the mir- 40 
coleha Thereforel, the size of the output efficiency con- 
trol device 2' can be rnadesnrallertfian the a^^ ; 
the nriircolens. As a result. Wmng for driving the output 
effidency control device 2' can be routed and a control 
drcuit can be formed on tiie periphery of each output 4S 

-effidency control device 2Vwhereby de«j space can be 

reduced. Thus, the aperture ratio can be substantially 
increased to improve the Ttght utilization effidency. 

In each optical modidator of the present embodi- 
ment, the thickness of the Si02 layer and the distance in so 
the space (between the second grating and the SiOg 
layer) are optimized in accordance witii a wavelength of 
incident light in the output effidency control device 
deserved iri Embodimer^ 

control devices are ananged in an an^. More spedfi- ss 
cally. in tfie present embocfiment the design wavelength 
of the optical nxxJulator 203a for blue light was pre- 
scribed to be 0.45 fim. the design wavdength of the 
optical nxxiulator 203b for green light was prescribed to 



oontrbl device of ^e present invention requires two mir- 
colens^ aijacern to each other in tiie x<lirection. In the 

jDase where rnirrolenses a^ ari an^ay in the 

opbdal modulator of tiie di^lay apparatus, the number 
of the nfiircolenses is determined merely by adding the 
nunfeer of thie bi^iit efr^ in one 

column in a y^irection to the number of ttie output effi- 
ciency control devices ocxttained in tiie anay. 

' - For example^^ ^-direction) 
bulFHJt effidency cbntrol devices 2* av^e required to be 
arrariged in order to con^espond to 640 (x-direction) x 
480 (y<Jirection) pixels. However, merely 641 (x<iirec- 
tion) X 480 (y-cnrection) miroolenses 3*':are required to 
be arranged. The rate of increase in the number of the 
n^(cd(eiises is^ p^^^^ atttiough the display 

appEuratus of the^present invehtion has a structure in 
Which the adjacerit!mircolenses are used in pairs, tiiere 
is ahnost no increase in tiie number of mircolenses. 

-Thereforerthe display apparatus is easily produced.""" 
In the display apparatus of tiie present embodi- 
moit. the optical modulator is prodiced by integrally 
forming the mircolenses 3" and the output effidency 
control devices 2' arranged in an arr^ on the front and 
reverse surfaces of tiie transparent sut>strate 1. Thus, 
an optical modulator with a stable structure can be 
obtained. Iri ^particular, the output effidency control 
devices 2* can ibe easily positioned exactly on the focal 
pdms of the miroolenses 3'* by making the focal lengtiis 
of the mircolenses 3" coiricide with tiie thickness of the 
transparent substrate 1. wherdby satisfactory modula- 
tion characteristics can be feaHzed. 

Furthermor , in each optical modulator, a light- 
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absorbing member 6 is provided in a region on the sur- 
face of the transparent substrate 1 other than the 
regions where the mircolenses 3" and the output effi- 
ciency control devices 2* are provided. In the present 
embodiment, the light-absorbing member 6 was pro- 
duced by coating a film having a light-absorbing func- 
tion with respect to a wavelength to be used. e.g.. a 
cartx)n or phthalocyanine corrpound mixed with a poly- 
mer such as polyimide and PMMA. However, the struc- 
ture and method for production of the light-absorbing 
member 6 are not limited thereto. The light-absorbing 
member 6 may be fornied by vapor-depositing an 
organic film of a pigment or the like having a light- 
absorbing effect with respect to a wavelength to be 
used. Such a light-absorbing member 6 has the effect of 
removing stray light in the substrate 1 and from outside 
of the substrate 1 and improving an S/N ratio of the out- 
going light 5. 

,^in the present embodiment, the light-absorbing 
member 6 is also provided on the perphery of each lens 
3** in a mircoiens anay. Such a structure has the advan- 
tage of allowing only the regions with satisfactory lens 
characteristics to be used, without using the periphery 
of the mircolenses where the lens characteristics are 
generally likely to degrade due to the surface tension 
witii respect to the substrate 1 . 

Fu*arm(xe, the shape of the^mircolens 3" is not 
- limitS'to'ai^ 
may be used Figure 11* ?h6ws an array of a plurality of 
arranged rectangular mircolenses. As shown in Rgures 
1 1(a) to (0). it is understood that dead space is reduced 
to iriprove shape and 

artahgemert of 

An array of elliptical mircoiefises is effective in the 
case wher^ an Incident .^e ancj an output angle with 
respeKit to tfie <^ large. An example 

of an array of elliptica! mircolenses is shown in Rgure 
34. The use of elliptical mircolenses reduces aberration 
caused with respect to fight which is incident upon the 
mircolenses obliquely to the optical axes tiiereof. 
wh^^y' satisfactory optidai. modiijation can be con- 
du(^^. Furtfiemidre, the ellipticai mircoiens is prefera- 
bly desigried in- such a manner that a size ratio of a 
majd^ axis to a minor axis of an ellipsoid becomes 
1/cosei , where ei is an incident angle of ttie incident 
light 4. 

In tile case where drcular lenses are used as tiie 
mircolenses 3". tfie mircolenses 3" can be produced, 
for example, by coating a resist onto the substrate 1. 
baking tine sut}strate 1 at a softening temperature of tiie 
resist or higher so as to cause the resist to flow, thereby 
forming the resist into a nxiuntain shape by surface ten- 
sion. However, tiie drcular lenses may be produced by 
€m6thef m^cd.^, M diffraction-type lenses 

producjBd by an ordinary semiconductor process such 
as photontitography, etehing, and. deposition, or 
aspheric lerises rhay be used as tiie mircolenses 3" 

In tiie display apparatus of tiie present invention, a 
driving circuit for driving an anay of the output efficiency 



control devices 2* of the optical modulator is composed 
of a specif icaily designed IC 12, and tiie IC 12 is electri- 
cally connected to electrode portions 2*a of output 
efficiency control device 2* tfirough solder burrps 13. as 
5 shown in Rgure 9. Such a structure enables a stable 
device of a compact size to be obtained. In particular, 
the drcuit for driving an array of the output effidency 
control devices 2* is composed of a specifically 
designed IC, so that tfie circuit is easily connected to an 
10 array of the output efficiency control devices 2\ 

Furthermore, in such a structure, even when some 
solder bumps 13 are not satisfactorily connected to tfie 
output efficiency control devices 2\ tiiey can be easily 
repaired. This is because tfie ti^ansparent substrate 1 
15 and an array of tfie mircolenses provided above tiie out- 
put efficiency control devices 2' transmit light More spe- 
cifically, laser light such as YAG laser light or CO2 laser 
light is irradiated to unsatisfactorily connected electrode 
portions from tfie qpper surface of the unsatisfactorily 
20 connected output ^idency control devices 2\ whereby 
tiie elecb'ode portions are annealed to be repaired. 

Next, refening to Rgures 7 and 10. tfie relationship 
betweeri tfie modulation characteristics of each optical 
modulator arxi tiie order in which colored light beams is 
25 split from the light source 201 will be described. 

The optical modulators 2q3a. 203b. and 203c of tiie 
- ,r. .present ; embodirneiit yre spe^ 
' characteristics as €*iown in Figures JO(c), (b). and (a). 

and the inventors of tfie present invention found that tiie 
30 extinction ratio to be modulated is likely to decrease as 
a wayelengtti b€^^ 
^ yyaveiengtfi^^^^ 
ca\ modulator 203a for B coaesponding to blue light is 
supposed to be in the range o^ 0.40 to , 0.50 pm (band- 
.35 widtfi: p.1 )xm), it ^&rrdted tp itie range,pf, for exanple. 
' . 0.41 to 0^49 urn (bfflidwidtii: i:08^ first dich- 

rpic mirror 202a. By doing so. tiie modulation character- 
istics, in particular, the extinction ratio of the optical 
modulator 203a for B are inproved. 
40 . .. Howe/er. when a vravelerigtti . band ,fe fimited. an 
, optical power decree 
tus of tfie present embodimert ovea-comes tills problem 
by allowing light which exits from tfie light source 201 to 
be first incident upon the dichroic mirror 202a which 
45 selectively reflects blue light. This is because, when 
light passes through a dichroic mirror, even light witii a 
wavelengtfi in a transmitting range is more or less 
absorbed. 

The incident wavelengtfi bands of the optical modu- 
50 lators 203b and 203c for G and R were not particulariy 
limited but set to be ordinary values (bandwidtii: 0.1 
nrri). However, in order to improve tiie extinction ratio, it 
is desirable tfiat ttie. incident wayelenglhl|^ of tfie 
optical iTOdulator for 6 is siightiy jirrrted to a range of. 
55 for etample. 0.505 to 0.595 urn (baridwidtfi: 0.09 pm). In 
tfiis case. an;^opticai.power.can be prevented from 
decreasing due to tfie band limit by disposirig tfie dich- 
roic rninror 202b corresponding to green light at tfie sec- 
ond position. 
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As described above, in the display apparatus of the 
present embodiment, considering the modulation char- 
acteristics of each optical modulator, the dichroic mir* 
rors which selectively reflect each colored fight beam 
and the optical modulators are disposed. 5 

Furthermore, in the present entxxiiment. the dis- 
play apparatus using the optical modulator having an 
output efficiency control device with a grating structure 
utilizing the diffraction of light has been desaibed. How- 
ever, the present invention is not limited thereto. For 10 
example, an optical modulator as shown in Figure 35, in 
which movable mirrors 24 having a miao mirror struc- 
ture capable of being controlled by electrostatic force 
are arranged in an array, may be used. In this case, 
each movable mirror 24 controls outgoing light by utiliz- is 
ing only the reflection of light, witiiout utilizing tiie dif- 
fraction thereof. Thus, in the optical nwdulator using 
movable mirrors, tiie modulation characteristics do . not - 
depend upon the wavelength of incident light. As a 
result three optical modulators are not required to be ^ 
designed so as to con-espond to a wavelength range of 
each colored light beam, and the optical modulators 
having the identical specification can be used. 
' As descrtoed above, in the optica! nrodulator of the 
present invention, the output efficiency control device 25 
and the focusing means are used in combination, 
thereto an.area.d.the_ou^irt-effidenpy.cortrolde^^ _: 
carrbereduc(3d.^T^^ 

realized, wfiich has k high response speed, is capable 
of mbdulating incident light having a lange beam diame- "^0 
ter, and easily produced. Furthermore, the use of this 
optical modulator enables a projection-type display ^ 
apparafis With a utilization efficiency to be " 

-realized. ' 

' Still another enrtbbdime^^ 
control device of the present invention will be described 
t>ydescri>ing an infrared sensor to which the output effi- 40 
dency control device is applied. ;^ ^ 

- in Embbdiriients 1 to 3, the grating of the output effi-^ '"'^ 
ctency control device is in the fonn of a rectangle. In 
Entixxliment 4. a trapezoidal grating configuration is 
adopted. Herein after, Emb odirne nt 4 will be described 45 



ure 13 and focuses light 107 which is incident upon the 
infrared sensor 100. The output efficiency control 
device 101 is disposed in tiie optical path of tiie light 
107 focused by the lens 105 so as to be tilted by an 
angle of 62 from a surface parallel to the surface to 
which the lens 105 is attached. The pyro-electric ele- 
ment 1 03 is disposed in such a manner tiiat at least part 
of light output from tiie output efficiency control device 
101 is incident upon the pyro-electric element 103. 

Figure 14 is a plan view of the lens 105 shown in 
Rgures 12 and 13. As shown in Rgure 14, in the infra- 
red sensor 1 00 of the present embodiment the lens 1 05 
is a diffraction-type lens which has an aperture in the 
form of. for example, a square and has. for exanple, a 
four-stepped cross-section. As shown in Figure 14. in 
the present enksodiment. diffraction gratings are formed 
into four corners of the square, whereby an area of the 
aperture of the Jens is increased and light utilization effi- 
ciency is improved. 

As shown in Rgure 12, the pyit>-electnc element 
103 gcHierally has a rectemgular jshape because of its 
readiness of production and cost efficiency. However, 
when incident light is focused, for example, by an ordi- 
nary circular lens, a spot shape on the pyro-electric ele- 
ment also has a circular shape. Figure 15 shows an 
example of a spot shape on the pyro-electric element 

,103..Ftgure i 5(a)„shows the case yi^ere.ir^ 
fbcused onto tfie pyr'o-electric elernent udng a conven- 

' tiohal circular 1^. As is appareht from F^ure 15(a), 
four corner portions of the pyro-electric element 
b€»come a dead space where light is not incident so tiiat 
the e^re pyro-electric element cannot be ^fectively uti- 

■ iizedr"'''- - 

Rgiire 15(b) shows a spot shape in the case where 
the leris 105 Is in the fonrn of a rectangle as in Embodi- 
ment 4:^A spot formed on the pyro*elecfrtc dement 103 
becomes a rectarigle whose size ^ smallia' than that in 
the case of using a circular lens, as shown in Rgure 
1 5(b). and a pyro-electric element having a smaller area 
can be used, resulting in a decrease in cost More spe- 
cifically, the pyro-electric elemerrt can be decreased in 
area by 2S% t>y using a rectang^ lens as a lens for 
fbo^ng fight onto the pyro-electric element Sinxiltane- 

: ously. it become^ possible to allow fight to be incident 
upon the entire pyro-electric element whereby the level 



with reference to tiie drawings. 

Figures 12 and 13 are a perspective view showing 
a t>asic structure of an infrared sensor using an output 
efficiency control device of Embodiment 4 according to 
the present invention and a cross-sectional view 
thereof. An infrared sensor 100 of the present embodi- 
ment hais an output efficiency control device 101. a 
pyro-electric element 103. and a lens 105. The output 
efficiency control device 101 and tiie pyro-electric ele- 
ment 103 are accomrnbdated in a housing 111. as 
shown in Figure 13. The lens 105 is attached to an 
'upper surface of the housing 111. The lens 105 is. for 
example, a diffraction-type lens with a square aperture 
made of silicon having a cross-section as shown in Fig- 



of an output signal from the infrared sensor can be 
inaeased by 25% or more tiian a conventional value. 

When a lens having a rectangular aperture is used 
as in Embodiment 4. a spot shape of light which is ind- 

so dent upon the output efficiency control device 101 
becomes a trapezoid as shown in Rgure 12. In the 
present emtxxfimerrt. for exanple, the size of the lens 
105 is p3 nun. the focal length thereof is 6 mm. and the 
tilt angle 02 is 45**, arid the output effid&icy control 

55 device 101 is disposed, for example, at a position in the 
middle between the lens 105 and tiie pyit>-electric ele- 
ment i03. thus, the spot shape is a trapezoid with a 
side (lower side) closer to the lens 105 of 2.0 mm, a side 
(upper side) farther from the lens 105 of 1.2 mm, and a 
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height (z-direction) of 2.3 mm. 

Figure 16(a) is a plan view of the output efficienGy 
controi device 101 of Embodiment 4, and Figure 16(b) 
is a cross-sectional view taken along a line B-B* in Rg- 
ure 16(a). s 

A substrate 121 of the output efficiency control 
device 1 01 is obtained, for example, by thermally oxidiz- 
ing a Si wafer to form a thermal oxide film with a thick- 
ness of 0.1 and depositing a silicon nitride film to a 
thickness of 0.2 jim by low-pressure chemical vapor w 
deposition (hereinafter, referred to as LPCVD) to form 
an insulating layer. A spacer layer 123, for example, 
made of a silicon oxide film doped with a large amount 
of phosphorus is formed on tiie substrate 1 21 . An elas- 
tic layer 125 is formed on the ^acer layer 123. In 75 
Embodiment 4. the elastic layer 1 25 was formed of a sil- 
iopg^pitride film with its residual stress reduced. Beams 
i2f6. are formed by patterning the elastic layer 125 as 
sh^am in Figure 16(b). and upper reflective films 127 
ar^formed on the beams 126. Lower r^lective fOms 128 20 
are fbrmed on the st^istrate 121. These reflective fflms 
127 and 128 are conposed of, for exanple. Au. having 
a thickness of 0.1 ^m, When focused infrared light 115 
Is ihddeht upon the output efficiency control device 101 
with such a structure, a spot 1 29 of incident light in the 25 
form of a trapezoid is formed on the output efftdency 

i ,P O"tfol de vic g 1 01 as sfi own in F igure 1 6(a). . 

, ' ^As shown in Figure 16(a). in Embodiment 4. the 
butput effidency control device 101 has a trapezoidal 
shape. This corresponds to the use of a rectangular 30 
lens which forms the light spot 1 29 in the form of a trap- 
ezoid ek shown in Figure i6(aj on the oii^ut effidency 

. control device 101, as described above. In Embodiment 
4. as described above, the shape of the spot 1 29 has an 

^ ui^er side of .1.2 iimi arid a lower side of 2.0 mm. Thus. 35 
ttie"^ width in the y-<firection 

, ing composed of^beams parallel to each other as in a 
conventional output efficiency control device, the 
number of the beams in a spot varies in the vidnity of 
thejipper side and tower side of the spot This results in 40 
,no^nif6n^ of the diffraction at.uppef and lower posi- 
tibr^.: As' a result a rnbdulatibn effidency decreases. In 
contrast with the output effidency control device 1 01 of 
the present embodiment the number of the beams in 
the spot 1 29 is made constant by changing the period of 45 
the beams 1 26 forming a grating in accordance with the 
shape of the spot 129. whereby a uniform diffraction 
phenomenon is aDowed to occur, preventing the diffrac- 
tion efficiency from decreasing. 

Next referring to Rgure 17. an example of the so 
steps of producing the output effidency control device 
101 will be described. In Figure 17, the same compo- 
nents as those in Figure 16 are denoted by the same 
reference humbrals'as those therein! the descrqstion 
thereof will be omitted. , , ' ^ , 55 

' Fir^ a kibistrEdei 121 with ah insulating film formed 
thereon is produced. As a substrate, for example, a sili- 
con sut>strate or the like is used, in the present etntod- 
iment. a silicon sid>sti'ate was used and was thermally 



oxidized to form an oxide film having a thickness of 0.1 
urn, and thereafter a silicon nitride film having a thick- 
ness of 0.5 nm was deposited by LPCVD. 

Then, as shown in Rgure 1 7(a). a spacer layer 1 23, 
for example, made of a silicon oxide film doped with a 
large amount of phosphorus is formed on tfie substrate 
121. for e)Qnple, by LPCVD. The tiiickness of tine 
spacer layer 123 is given as >y(4cose2) . where X is a 
wavelength of light which is incident upon an output effi- 
dency conti-ol device. In the present embodiment, the 
wavelengtfi X of incident light is presaibed to be 10 ^un. 
62 denotes a tilt angle of the output efficiency conti-ol 
device 101 with respect to a surface parallel to a surface 
to which a lens is attached, i.e., an angle at which light 
is inddent upon the output effidency cont'd device. In 
the present embodiment 62 = 45^ as described above. 
Thus, in the present embodiment a silicon oxide film 
doped with a large amount of phosphorus was depos- 
ited to a thickness of 3.5 |im by LPCVD. 

Next, as shown in Rgure 17(b), an elastic layer 125 
having a thk*ness of X/(4cos62) is formed on the 
spacer layer 123. In the present en^odiment a silicon 
nitiide layer whose tensile sh-ess remaining in the layer 
is reduced ta for example. 200 MPa or less by increas- 
ing the ratio of the content of silicon was fomied to a 
. thickness of 3.5 ^imljy lJ? T ., . , 
■ Then i a resist fe spinn^ . onta}heielastocJayer_ 
125. and .the resist is exposed -to llglitrarK| developed. 
vvhere*5y a redst mask 131 is forrned as shown in Rgure 
. 17(0). Then, the elastic i^er 125 is patterned by dry 
etching to form bean^ 126-and openings^J32. Thereaf- 
ter, the resiki3l7isren^ 

positioned in the openings 1S2 and.under the beams 
126 is removed by isotropic wet etching using buffered 
hydrofluoric add. Thus, as shoyyn in Figure 17(e), the 
beams 126 are floated. As a result l)bth ends of the 
beams 126 are supported on the spacer layer 123. 

Rnally. a reflective film, for example, made of Au 
having a thickness of 0,1 ^ is vapor-deposited on tiie 
resultant sub^te, whereby upper reflective fflms 127 
and loyverreflective fflnre 12fif are formed as shown in 
Rgure 17(f). A grating sbiicture of tfie output effidency 
control device is completed in the above-mentioned 
steps. 

The operation of tiie output effidency conti-ol device 
consti-ucted as descrtoed above will be described with 
reference to Rgure 18. In Rgure 18. the same compo- 
nents as tiiose in Rgure 17 are denoted by tiie same 
reference numerals as those tiierein. The desaiption 
thereof will be omitted. 

The output effidency oonti^ol device 101 of Embod- 
iment 4 is operated by turning on/off a, voltage applied 
betweeri the upper refiecfiyef f Brns 1 27ancl the substrate 
121. Rgure 18(a) shows a state where a voltage is not 
applied between the i^sper' ref lective Urns 127 and tiie 
substrate 12i, and the beams 126 are floated and an air 
layer 137 is fonned between the beams 126 and the 
substrate 121.. At this time, the difference in step 
between the surfaces of the upper r^lective films 127 
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and the surfaces of the lower reflective films 128 is set 
to be a value represented by X/(2cose2) . for example, 
assuming that an incident angle at which light 135 to be 
modulated is incident upon the output efficiency control 
device 101 is 02 (see Rgure 13) and a wavelength of s 
the light 135 is X. 

For exampfe, in Embodiment 4, e2 = 45*andXa10 
^m. so that the value is 7.0 fim. At this time, the differ- 
ence in phase between light reflected from the upper 
reflective films 127 and light reflected from the lower io 
reflective films 128 becomes 2n in round travel, which 
con'esponds to one wavelength, thereby the phases are 
matched. Thus, the output efficiency control device 101 
functions as an ordinary mirror, and the incident light 
135 becomes zero-th order diffracted li^ 136 and is is 
reflected to an incident side. 

Next as shown in Rgure 18(b), when a voltage is 
applied between the upper reflective films 127 and the 
substrate 121, the upper reflective films 127 which are 
upper electrodes and the substrate 1 21 wtvch is a lower 20 
electrode forms a capacitor interposing the air Isyer 137 
and an insidating layer (not shown) fonned on the sur- 
face of the substrate 121 .The tjpper reflective fi^ 
are, fbr example, positively charged and tiie substrate 
121 is. for example, negatively qharged. .Electrostatic 2s 
attracting force is affected between the charges, so that 
the beams 126 a^^^^^ side . 
untii it comes into contact with the surface of ttie sub- 
strate 121; as shown in Rgurie 18(b). At this time, the ^ 
differerice in step between tiie surfaces of the upper 30 
reflidctive ifilms 127 ard the surfaces of the lower reflec- 
tive filnre 128 is sset to be a valiie given 1^ Ay(4cose2) . 
e.g., 3i5 MHi ifi Eiribbcfiment 4. llii^ the in 
phase between Gght rdlected from the suntaces of tiie 
upper reflective films 127 and jight reflected from the ] 35 
sufl^c^ d the lower rWlectivie filii^^ 128 becomes n in ' 
roiffxJ travel which oorresporids to a half of a wave- 
length. Therefore, these light beams dtsapear. As a 
result zero-th order diffracted light is etifTonated, and 
diffracted fight other than zero-order diffracted fight is 40 
output For exarrple, as shewn, in Figure 180)), when a 
voltage is an)lied between the 1^ ^ 
and tiie substrate 121. ±1st order diffracted fight 138a 
and 138b are generated at a diffraction efTtdency of 
41%. respectiyely.^ 4 5 

Actually, in the vicinity of portions (C portion arxl D 
portion in Rgure 16(a)) at both ends of each beam 126 
supported on the spacer layer 123, the beams 126 are 
not completely attracted to the substrate 121. There- 
fore, as shown in Rgure 1 6(a), tiie beams 1 26 are made so 
longer ttian the spot 1 29 of incident light in a longttudinal 
direction, thereby light is prevented from entering these 
iricomplete operation portions so as to prevent the mod- 
ulation ratio from decreasing. 

According to the above-mentioned operatioa in the ss 
(kitput efftd^hcy control device 101 of Ennbodiment 4. it 
is possible to modulate the intenaty of zero-th order dif- 
fracted fight by tuming on/off an applied voltage. 

Next the configuration of a grating portion of tiie 



output efficiency control device 101 in Embodiment 4, In 
particular, the setting of a period of the grating will be 
described. In the infrared sensor 100 of Embodiment 4, 
focused light is incident upon the output efficiency con- 
trol device 101, in place of collimated light. Therefore, 
the inventors of the present invention found the follow- 
ing: almost 100% zero*tii order diffraction efficiency is 
obtained at tiie center in tiie y-dtrection in the grating 
portion of the output efficiency control device 101 (when 
a voltage is not applied); however, an incident angle is 
tilted as shown by an angle p in Figure 16(b) on the 
. periphery in the y-direction, so tiiat tiie diffraction effi- 
ciency gradually deaeases. For the same reason, when 
a voltage is applied, ttie zero-tti order diffraction effi- 
ciency increases from 0% on the periphery of tiie grat- 
ing, and tfie modulation effedency of the light amount 
decreases as a whole. However, the inventors of tiie 
present invention found tiie following: when a period A 
of tiie grating is 7 times or more ^e wavelength X of tfie 
incident light (A/X ;^ 7); tfie decriease in diffraction effi- 
ciency is small even in ttie case where tight is obliquely 
incident and the incident fight as focused light causes 
no problem in the infrared sensor 100. Therefore, in 
Embodiment 4. the rranimum period A In the C portion of 
Rgure 16(a) is s^ to be, fbr example. 70 ^m. 

Furthermore, as described above, in Embodiment 
_ .4, tiie period Alof the gratirig ts changed in^accordance 
with the shape of ttie spot of incident light More specif- 
ically, assuming that the focal length of , the lens 105 is f 
and the lengtii of one skde of tiie square lens 105 is U 
tiie period A of the grating in tiie D portion in Figure 
16(a) is prescribed^.^, ; to. : . be . at least 
{2f + I4an6'2)/(2f - Uane2) times tiie period A in tiie C 
portion. For example^ in Embodiment 4, since f = 6 mm. 
L s= 3 nim. and 02 =4^^^ period A of the grating in tiie 
b portion is prescdbed t6l>e: ll/ixni or more which is 
1 .67 times tiie period A in the C portion. \ 

As described abover according to tiie structure of 
ttie output efficiency control device 101. diffraction was 
piBrformed.untfbrmty at any portion of the grating with 
respect to ia fight spot iri the 1^^ of a trapezoid, and 
high modulation effiqem^ wasl^ 

In tiie conventioifial output jelficiency control device 
shown in Rgures 32 and 33. 'tiie difference in step 
between the surfaces of tiie upper reflective films and 
tiiesurfac^^fie Im^^ 

1 /2 of a used wavelength to 1/4 thereof, and the incident * 
angle is prescn*bed to be 0"". i.e., fight is made to be ver- 
tically incident, whereby incident light is modulated. 
However, in such a structure, since light was made to b 
vertically incident upon the output efficiency control 
device, it was difficult to separate zero-th order dif- 
,fracted light frpm tiie^incident light and therefore dif- 
fracted light other tiftan zero-th 0^ fight was 
utilized^as outgoing light Thus, the light utilization effi- 
ciency wais extremely low. In the above-mentioned con- 
ventional output eftidehcy control device, tiie inventors 
of tiie present invention found the follcmving: when light 
is made to be obltquely incident upon the output effi- 
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ciency control device by tilting the output efficiency con- 
trol device in order to utilize zero-th order diffracted light, 
the difference in phase at a time of driving does not 
become an appropriate value, so that the modulation 
efficiency deaeases. 

In contrast, in the output efficiency control device of 
Embodiment 4, the difference in step between the upper 
reflective films 127 and the lower reflective films 128 is 
set to be A./(2cose2) and X/(4cose2) , respectively, in 
accordance with the value of incident angle 62. 
Because of this, zero-th order diffracted light becomes 
capable of being easily separated without decreasing 
the modulation efficiency. 

As desaibed above, in the output efficiency control 
device of the present embodiment, a uniform diffraction 
effect can be obtained in the grating portion, and modu- 
lation characteristics do not degrade partially The con- 
figuration of the grating (the difference in step between 
the^ppa; reflective films and the lower reflective fQms, 
the^pf riod of beams. &c.) is designed in accordance 
witfi'thei conditions under which light is incident upon the 
output efficiency control device, i.e.. an incident angle, 
the shape of a spot which the incident light fo^ 
grating, and the like, whereby light is allowed to be ind- 
dent upon the output efficiency control device obliquely, 
hot vertically As a resiit zero-th order diffracted light 
can ji^^ easily obteinid^ outgoing light without 
^*^cieaeasiiTg thTr^ 
ized infrared sensor with high light utiiizatiori' eff idenfey 
and high sensitivrty can be provided by using the output 
efficiency control device. 

' '''^ In'EmlKXfi^^^ 

' leris for foojeihg 

coritrpl device has a rectangular aperture, and tiie ooh- 
'[^ figufatiori of tiie grating is clesigned to be a trapezoid iri 
accordarice wrth |ie shape of a spot of fight to be 
focused is described. However; the shapef of the lens 
and the configuration of the grating are not limited 
thereto. Even when a lens has an aperture having 
ano^ier shape In which the number of beams in a spot 
[ ^ of inci|ett^^^ device is 

differlrttVri^ problem ks calKsed by setting ttie configura- 
tiori c^ tiie grating In accordance with the shape of the 
spot¥iLii4hi5rmore. the period of ttie grating Is not partic- 
ularly required to change in its longitudinal direction 
according to a linear function. A function representing 
an appropriate configuration In accordance with the 
shape of a spot of incident light on the output efficiency 
control device should be appropriately selected. 

(Enijodiment 5) 

,11, 1_ Next, a display apparatus of Eni^ accord- 
ing to We presierTt invaition wll be'des<^ The dis- 
play a^r^ratus d the present ei^^ 
" ' sthjcture to that of thl <%)tey a^^^ in 
Embodiment 3. except that ttie structure of an optical 
mbdulator is different Tlierefore.'the description of a 
schematic structure of the display apparatijs will be 



omitted. 

Figures 19(a) and (b) are a top perspective view 
and a cross-sectional view of an optical modulator in the 
display apparatus of tfie present eiTtxxJiment Rgure 20 

5 shows a state where a driving circuit for driving output 
effidency control devices is connected to the optical 
modulator in the present embodiment, and Figure 21 
schematically shows the configuration of a grating of tiie 
output efficiency control device of tfie present embodi- 

10 ment. 

As shown in Figures 19(a) and (b), the optical mod- 
ulator includes rectangular diffraction-type lenses 105' 
as a plurality of focusing means arranged in an array 
and a plurality of output effidency control devices 101* 

15 arranged in an array at the same arrangement interval 
(period) as that of tfie diffraction-type lenses 105'. The 
array of the diffraction-type lenses 105' Is formed on tiie 
upper surface of a transparent substrate 121a, as 
shown in Figure 19(b), and the array of the output effi- 

20 dency control devices 1 01 ' is formed on the lower sur- 
^ce of the transparent substrate i21a, i.e, a surface 
opposing tiie surface where the cfiffraction-type lens 
array is fpmied. In the present entxxfiment diffraction- 
type lenses (one side: 40 pjn) each having a square 

25 aperture and a four-stepped cross-section are formed in 
an array at a period of 40 \im on the upper surfoce of a 

^ glass subst rate ha ying a%ii(to^ <rf 2 mrtt'and ttie out- 
put efficiency control devices.lOI' (size: 2b jim x 20 pm) 
are formed on the lower surface at a period of 40 ym. 

30 Furtherrnore, in ttie' 'pfesert en*ocfiment diffraction 
. gratings are fornied irrto four comers ffl^are in ttie 
same way as in Bribodimertt 4^' whereby an area of a 
jeris aperture portion is inaeased and. light utilization 
effidency inprwed. 

35 " iFurth©:morelttie 

ids' and ttie ja^ tiie ou^xit lffidency control 
devices 1 01' are disposed so as to be shifted from each 
ottier by a half of the arrangement interval in a direction 
(x-direcbon in Enrtoodiment 5) In which, inddent light is 

40 tilted witti respeirt to optical axes of ttie diffraction-type 
lenses 1 05*. In "ottier words, each, of ttie output effi- 
dency control devic^ 101' is disposed h'ght below ttie 
middle point of a straight line connecting ttie centers of 
two diffraction-type lenses 105* acjacent to each other 

45 in ttie x-direction. Thus, in tiie. present embodiment in 
the same way as in Embodiment 3, ttie diffraction-type 
lens 105" for focusing incident light 135 onto one output 
effidency control device 101' also fuictions as second 
focusing means for cdlimating outgdng light 136 from 

50 another output effidency contrd device 1 01 ' adjacent in 
ttie x*direction and outputting It The rectangular diffrac- 
tion-type lenses 1 05' are mass^oduced. for example, 
by repeat photolithograplV. and etching/deposition of 
ttiinfflms. "1 1^ ; :r- '1 ' 

55 ' Unlike Embodiment 3. ttie use of .ttie ,ai7ay of ttie 
rectangular lenses 105' makes it unnecessary to pro- 
vide a light-absorbing 'merrt>er ori ttie surface of ttie 
substate 121a on which ttie lenses 105' are provkied. 
For exanrple. in ttie case where circular mircolenses 
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formed on the substrate are used as focusing means as 
in Embodiment 3. rt is preferable that a light-absorbing 
member Is provided on the periphery of the lenses so as 
not to allow light to be incident upon the periphery of the 
lenses where the characteristics are likely to degrade 5 
due to the surface tension with respect to the substrate. 
However, since the diffraction-type lenses are used in 
the present embodiment, it is not required to provide a 
light-absorbing member. 

As described above, in the present embodiment 10 
the rectangular dffraction-type lenses 105* are used as 
focusing means for focusing incident light onto the out- 
put efficiency control devices 1 01 *. Therefore, the shape 
of a light spot formed on the output efficiency control 
device 101' becomes a trapezoid, and in the case of is 
using the output efficiency control device whose grating 
period is constant as in the above-mentioned Embodi- 
ment 3. a uniform diffraction effect cannot be obtained. 
Thus, in the present embodiment, the grating period of 
' the output efficiency control device 101' is changed in 20 
accordance with the spot shape of incident light 
v^ereby the conftguration of the grating is made a trap- 
ezoid as shown in Figure 21 . 

A plane configuration of the grating is designed as 
described in the above-mentioned Embodiment 4. For 25 
example, the lengths of beams are prescribed In such a 
imanner„that JgW fe^^ „ 
\ndnity of tx}th ends of the beants w^^ 
not coiipletely attracted to the substrate side. Because 
of this, the deaease in modulation ratio caused by fight 30 
which is incident i^n incomplete operation portions of 
the output efficiency control devices 101* can be pre- 
i^ntied/A period A 

7 times br rnore a wavelength X of incident Oght (A/X ^ 
7). Furthermore, iassumirig that the difftaction-type iens 35 
"^105* is a^^[u^ 

focal length Is t th^ gratirig period is set in such a man- 
ner that the grating period at a position corresponding to 
a lower side of a trapezoid of a spot of incident fight 
becomes at least (2f + Ltane2)/(2f r Uane2) times or 40 
more a period at a position corresponding to an upper 
side of the trapezokl/By designing the plane configura- 
tion of the grating ks described above, diffraction is uni- 
formly conducted at any portion of the grating and high 
modulation effidency can be obtained even in tiie case 45 



112 is connected to electrode portions 10Va of the 
respective output efficiency control devices 101' 
tfirough solder bumps 113 as shown in Figure 20. Such 
a structure enables a stable device of a compact size to 
be obtained. 

Furthermore, in such a structure, both tiie transpar- 
ent substrate 1 and tiie diffraction-type lens array dis- 
posed on the upper surtece side of the output efficiency 
control devices 10V transmit light. Therefore, even if 
some solder bumps 1 1 3 are not satisfactorily connected 
to the output efficiency control devices 1 01 *, they can be 
easily repaired. More specifically, laser light from YAG 
laser. CO2 laser, etc. is irradiated to the unsatisfactorily 
connected electrode portions from tiie upper suriace of 
tiie unsatisfactorily connected output efficiency control 
devices 101*. wheret}y the electrode portions are 
annealed to be connected to the solder bumps 113. 

In the displ^ apparatus of tiie present embodi- 
ment, tiie rectangular diffiaction-type lenses 105* focus 
light onto tiie output ^^(^^ control devices 101'. 
Thus, the size of th^ putput^e^^ control devices 
101' can be made smaller tiian tiiose of a beam diame- 
ter and the diffraction-type lenses 105'. As a result on 
tiie periphery of each output efficiency control devic 
101'. wring (induding[ the electrode portions 101 'a) 
required for driving the output efficiency conf ol devices 
J 01 ', can be routed and a control„drcuit can be formed, 
thereby dead space can be reduced. Thus, the aperture 
ratio and light utilization effictenc^^ be substantially 
improved^ " :^ U^^^^^ 

Furthermore, in tfie present embodiment the plane 
configuration of a gratir^ portion of the output efficiency 
oontrol devices idl' i^^ a trapeiroid. Therefore, com- 
pared witii the case where a grating configuration in 
which tieams su'eji^ld to other is adopted, dead 
spiacei can to 
improve the ape^re ratb and light utilization efficiency. 

(Enrbodiment 6) 

Referring! to ^Rgiffe 22, 'an infrared sensor f 
Enibodiment 6 accqixd^ will be 

described, r / ' 2. 

The infrared sensor of Erntxxliment 6 is different 
from tiiat of Embodiment 4 only in tiie structure of an 



of using a lens forming a trapezoidal spot as focusing 
means. 

The output effidency control device 101' used in 
the present embodiment has tiie same stoicture as that 
of the output effidency control devices in Embodiments 50 
1 and 3. except for ttie plane configuration of a grating. 
Thus, the output effidency control device 101' is pro- 
duced in almost the same production steps as tiiose 
descri)ed in ^V' ' 

In the pre&sm embodiment a driving dr(^ ss 
ing the output effidency control devices 101' is also 
composed of a spedficafty designed IC 112. Therefore, 
the output effidency control device array can be easily 
connected to the driving circuit. The driving drcuit IC 



output effidency corrtrd device. Therefore, in tiie follow- 
ing description, tiie desaption of a schematic structure 
of tiie infrared sensor wffl t>e omitted and only the output 
effidency control device will be described. 

Figure 22 is a view showing a structure of an output 
effidency control device of Embodiment 6: (a) is a plan 
view and (b) is a aoss-sectional view taken along a line 

_E-EMn(aV ....r 

^As shown in i^^ an output effidency con- 

trol device 190 d Embodiment 6 has a sid^strate 192, 
and a r^lection-type grating is formed thereon. The 
substrate 192 Is produced, for example, t}y tiiermally 
oxidizing a Si substrate to form a tiiermal oxide film with 
a tiiickness of 0.1 ^m. depositing a silicon nitride film to 
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a thickness of 0.2 jim by LPCVD. and forming an insu- 
lating layer. A spacer layer 193. for example, made of a 
silicon oxide film doped witfi a large amount of phospho- 
rus is fbrnied on the substrate 192. An elastic layer 1 94 
and beams 195 formed by patterning the elastic layer 5 
194 to a predetermined shape are provided on the 
spacer layer 193. The elastic layer 194 is. for example, 
made of a silicon nitride fflm with its residual force 
reduced. Upper reflective films 196 are formed on the 
beams 1 95. Furthermore, lower reflective films 1 97 are 10 
formed on the substrate 192 through openings 199 
which are simultaneously formed with the beams 195. 
The reflective films 196 and 197 are. for example, made 
of Au having a thickness of 0.1 pm. 

In the output efficiency control device 1 90 with such 15 
a structure, incident focused infrared light 191 forms a 
spot 198 having a shape as shown in Rgure 22(a). 

^As IS understood from Rgure 22(a), the output effi- 
ciency control device 190 of Embodiment 6 Is different 
frdm^the outputieffidency control device of EmtKxJiment 20 
4 shown in Rgure 1 6 in the plane configuration of a grat- 
ing formed by the beams 195 and the openings 199. 
Th^ output effidencyjcontrol device 1 90 of EntKxiiment 
6 is characterized in that the period of the grating is 
made larger in the tongitudina! direction of the beams 2s 
and the lengtirs of all the beams 1 95 are made equal. 
' Rgure 22 ^siiqws the case where both ends of the ; 
beainris i95'ajeT>ositi^ ' 
on the identical point; ^a^ an exanple of the output effi- 
ciency control device 190. 30, 

In the output efficiency oontroi device of Embodi- 
ment 4; as is uridieif^^ the lengths ; J 
of this beanis are riot^uaL Ther^re,' the beams are 
attracted in decreasing order of length under the appli- 
cation of a vojtagei^arid tfje origirial , 35 
position in irweaShg^^^^ 

turned off. As a result the transifion times, i.e., the rise 
and foil times of on/off of light l)€come longer, so tfiat 
the driving frequency cannot be made high. For exam- 
ple, in the case where a high precision measurement is ' 
corriiicted within ^a^^^ pwod of time by using an ; 
in^r(ki"se^ control 
device, it is required to drive tiie output efficiency control 
device at ahigh speed. However, in the output efficiency 
control device of Embodiment 4, the limit of a high- 45 
speed operation limits the precision of tfie infrared sen- 
sor. 

In contrast, in the output efficiency control device 
1 90 of Embodiment 6, the lenigths of all the beams 1 95 
are equal, so that the beams completely simultaneously 50 
operate when a voltage is tumed on/off. This allows an 
operation of on/off of light to be performed within a very 
shprt period of tirna^ As a result, the output efficiency 
control device driven at a high frequency, and 
the infrared sensbir using tiie output efficiency control ss 
device 190 of Embodiment 6 maf«s jt possible to con- 
duct a detection at a high precisibn. 

In Ernbodimeht 6. for example, the case where botii 
ends of the t>eams 195 of tfie output efficiency control 



device 190 are positioned on circumferences centered 
on tiie identical point. However, both ends may be on 
any cun^e as long as the lengths of the beams 195 are 
equal. For example, by disposing the center in the width 
direction of the respective beams 195 on either end on 
one straight line, the size of the output efficiency control 
device capable of modulating a light spot of the same 
size can be decreased. 

In Embodiment 6, as an example of the infrared 
sensor, the output efficiency control device in which the 
lengtiis of all tfie beams forming the grating are tfie 
same has been described. However, the present inven- 
tion is not limited thereto. It is appreciated that, for 
example, even in the case where the lengths of all the 
beams forming tiie grating are tfie same in the output 
efficiency control device of tfie optical modulator of tfie 
display apparatus as described in the above-mentioned 
Embodiment 5. the same effect can be obtained. 

(Embodiment 7) 

An infrared sensor of Emt)odiment 7 of tfie present 
invention will be described with reference to Rgures 23 
tfirpugh 25. The infrared sensor of Embodiment 7 is dif- 
ferent from tfiat of Embodiment 4 only in tfie structure of 
an output effidency control device. ITt^ the 
desolption of a scherri atic structure of the infrared sen- 
sor will be omitted, anf only the sfructure of the output 
efficiency control device will t>e described. 

Rgure 23(a) fe a view showing a strxicture of an out- 
put effidency control device 200 of Err^iment 7: (a) is 
, a plan view and (b) is a cross-sectibnal^^ew te^ along 
"a line F-p in (a). As shown in Rgure 23(b), the output 
effiderxy control device 200 of ^^^^ 7 has a 

si4?sfrate^22^ is fonned 

ther€K)n. lYie substrate 221 is produced! for example, by 
thenrolly oxidizing a Si substrate .to form a thermal 
oxide fflm witti a thickness of 0.1 jim and depositing a 
silicon nitride film to a thickness of 0.2 jun by LPCVD. 
tfiereby forming an insulating layer. I^irst posts 222 are 
provided on the substrate 221 ...The first posts 222 are 
formed, tor example, by depositing pdycrystalline sili- 
con by LPCVD and patterning it. A spacer Isyer 223. for 
example, made of a silicon oxide film doped witii a large 
amount of phosphorus is provided on the periphery of 
tfie substrate 221. 

Furthermore, tfie output effidency control device 
200 has an elastic layer 224. and second posts 225 and 
beams 226 fomied by patterning the elastic layer 224 to 
a predetermined shape. The second posts 225 are pro- 
vided on tfie first posts 222. In Embodiment 7. the elas- 
tic layer 224 is composed of a silicon nifride film witfi its 
residual force reduced. Reflective filrris 227 are formed 
on the second posts 225. and reflective films 228 are 
fonmed on the beams 226. These reflective films 227 
and 228 are, for example, made of Au, having a thick- 
ness of 0.1 ism. 

Next, refemng to Rgure 24. an example of tfie 
steps of producing tfie output effidency control device 
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200 of Embodiment 7 will be described. In Figure 24, 
the same corrponents as those in Figure 23 are 
denoted by the same reference numerals as those 
therein. The description thereof will be omitted. Herein- 
after, referring to Rgure 24. the production steps will be s 
described in an orderly feshion. 

First a silicon substrate is. for example, thermally 
oxidized to form an oxide film having a thickness of 0.1 
^m. a silicon nitride film is deposited to a thickness of 
0.5 ^m. for example, by LPCVD to form an insulating io 
layer, whereby a substrate 221 is produced. Then, for 
example, polycrystalline silicon is deposited, for exam- 
ple, by LPCVD, on the substrate 221 and pattemed, for 
exanple. by dry etching, whereby first posts 222 are 
formed as shown in Rgure 24(a). is 

For exanple. a silicon oxide film doped with a large 
amount of phosphorus is deposited on the resultant 
substrate 221. for example, by LPCVD, and a spacer 
layer 223 is formed as shown in Figure 24(b). Thereaf- 
ter, the spacer layer 223 is etched over the entire sur- 20 
face of the substrate 221 by dry etching, whereby the 
surface is made flat as shown in Rgure 24(c). The thick- 
ness of the first posts 222 and that of the spacer layer 
223 are prescribed to be X/(4cose2) , e.g.. 3.5 ^m in 
Embodiment?. 25 

Then, a silicon nitrkJe fan in which tensile stress 
remaining in the film is r educed t o, for oam ple, 200 _ 
MPa or less by inaeasirig the content natib of silicon is 
formed, for exarfiple, by LPCVD. wtiereby an elastic 
layer 224 is famed. Although the thickrtess of the elas- " 30 
tic layer 224 is arbitrary, it is presaibed to be 2 fim in 
Embodiment 7. Furthermore, as shown in Rgure 24(d), 
the elastic layer 224 is paitehied to form second posts 
225 and beams 226. ^ 

Next, the spacer layer 223 is wet-^ched from gaps 35 
between the secorid post^ the ln^eams 226. for ' 

exarhple. with buffered hydroflubHc acki, arxJ the spa^ 
layer 223 under the beanns 226 is rerrioved. whereby the 
beams supported at both ends are formed. Thereafter, 
a reflective f am made of Au, having a thickness of 0.1 40 
jrni is formed by vapor deposition, whereby reflective 
films 227 and 228 are formed ^1 output effk^ 
tro! device 200 having a structure as shown in Rgure 23 
is completed in the above-m^oned steps. 

The operation of the output efficiency control device 45 
200 coTTstructed as descri>ed above wiil be described 
vnth reference to Rgure 25. In Rgure 25. the same com- 
ponents as those in Figures 23 and 24 are denoted by 
the same reference numerals as those therein. The 
desaiption thereof will t>eonvtted. so 

TTie output efficiency control device 200 of Embod- 
iment 7 is operated in accordance with the same princi- 
ple as that of the output efficiency control device of 
Embodiment 4 by turnirig on/off a voltage applied^ 
between the reflective films 228 as upper electrodes ss 
and the substrate 221 as a lower electrode. Rgure 25(a) 
shows a state where a voltage is not applied. At this 
time, the beams 226 are floated, and the reflective fQms 
•227 and 228 are on the identical plarie. Therefore, the 



output efficiency control device 200 functions as an 
ordinary min-or, and incident light 231 becomes 
reflected light 232 and is reflected to an incident side. 

Next, when a voltage is applied between the upper 
electrodes 228 and the lower electrode 221. the beams 
226 are attracted to the surface of the substrate 221 by 
electrostatic attracting force until it comes into contact 
with the surface of the substrate 221 . as shown in Rg- 
ure 25(b). in accordance with the principle described in 
Embodiment 4. At this time, the difference in step 
between the surfaces of the reflective films 227 and the 
surfaces of the reflective films 228 is set to be a value 
given by ^/(4cose2) . In Embodiment 7, it is prescribed 
to be 3.5 ^m. X is a wavelength of the incident light 231 . 
and 62 is an incident angle of the incident light 231 inci- 
dent upon the output efficiency control device 200. At 
this time, the difference in phase between light reflected 

: from the surfaces of the reflective films 227 and light 
reflected from the, sur^ces of the reflective films 228 
becomes n iri rourid travel which aaresponds to a half 
of a wavelength. As a result reflected light is eliminated, 
and diffracted light other than zerGHth order diffracted 
Gght is output. For example, at tNs time list order dif- 
fracted ligfit 233a and 233b as shown in Figure 25(b) is 
generated at diffraction efficiency of 41%, respectively. 

According to the above operation, in the output eff i- 
denc y confrol device 200 of Embodirnent 7, the i nten- 
sity of reflected light can bet modulated by turning on/off 
an applied voltage. ^ I , ^' / 

' In tile output efficient^ bpn^^ 
mentioned Emlxxiiment 4. lij^ is modulated by a dif- 
fraction phenomenon bctfi ui^ of a 
voHage and under rib lappilca^oh'd k Voltage. There- 
fore, diffraction efficiency decreases, for exanple. in the 
case where a wavelengtti band of 6ght to be modulated 
is large, However, in the output iBfficieTOy control device 
200 of Embodimlsrit 7, modulatiori k conducted by a dif- 
fraction phenomenon in itie same way as in Embodi- 
ment 4 under the application of a voltage; however, 
alnrK>st 100% light reflected from a rnrror surface is out- 
put under no application bf'Cyoitege. /Therefore, the 

^ modulatph ratio caii t^^^ Further- 
niore. according to the strui^e of Ehfi^odimen^ 7. the 
.thickness of the elastic layer' 224 can t>e arbitrarily 
selected, so that tfiis thickness can be presaibed to be 
thtnrAs a resurt." the distance bi^efien; 
fims 228 which function as upper electrodes and the 
siitetrate 221 which functions as a tower electrode can 
be decreased, and energy required for deforming the 
beams 226 becomes smaller, so that a driving voltage 
can be decreased. 

As described above, in the output efficiency confrol 
devrce of Embodiment 7. light is output as reflected light 

" from a minor suriace, not zero-th oder diffracted light 
tmder no application of a voltage, wtiereby a high mod- 
ulation ratio can be obtairied even for incident light hav- 
ing a large wavelength band. Furthermore, the 
thickness of the elastic layer can be made thin, so that 
the device can be driveri at a low voltage. 
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Herein, the output efficiency control device of the 
present embodiment is desaibed by exenplifying an 
Infrared sensor. However, the output efficiency control 
device of the present embodiment is not limited to an 
infrared sensor. For example, as described in Embodi- 5 
ments 3 and 5. the output efficiency control device of 
the present embodiment is applicable to an optical mod- 
ulator of a display apparatus. 



(Embodiment 8) 



10 



Referring to Rgure 26. an infrared sensor of 
Embodiment 8 will be described. According to Embodi- 
ment 8, an infrared sensor is provided, in which an out- 
put efficiency control device can be decreased in size, a is 
pyro-electric element is not influenced even when an 
electromagnetic noise generated from the output effi- 
ciency control device becomes substantially large, and 
wh||h hardly varies even when the distance between 
the!i^einsbr and^ light source (heat source) is relatively 20 
shph and is capable of obtaining a high signal level in 
the case where a light source is relative small. 

. Figure 26 is a view showing a structure of an infra-, 
red sensor 300 of Embixliment 8: (a) is a side view of 
the infrared sensor 300 and (b) is a view seen in a -x 2s 
direction from a plane which is parallel to a y-z plane 
^^andjndpdes a line G-GV V^^T^^ " 

sor 300 has an joutput effidenc^ control device 342, a 
.pyro-electric eiemert 343. a jens 3^ 30 
which are accommodated in a housing 346. As shown 
^ in Figure 26^^ indderit^J 
angle 62 wHen l^lght fram source (light 

source) 341 is ii*iderrt ujxMi the output efRdency con- 
^irQ\ de^JS^2, lh^ housng 3^ entrance win- ..35 
doiw347oh jte ' 
is obtained, for example, by forming a bandi)ass wave- 
length filter on a silicon sut)Strate. 

The difference between the infrared sensor 300 of 
Entiodiment 8 and that of .Embodinrient 4 Oes in that the 40 
ou^W'jeffidency .a disposed 
betiyeen the lilght source Ml and the fens 344. In this 
anangement the lens 344 can be provided with an 
effeiSt as an electromagnetic shield, for example, by 
forming the lens 344 of a conductive material. There- 45 . 
fore, particularly in the case where beams become 
shorter with the miniaturization of the output efficiency 
control device 342 and a driving voltage for deforming 
the beams becomes high, resulting in generation of an 
electromagnetic noise or the like, the pyro-electric ele- so 
ment 343 can be prevented from being influenced by 
the electromagnetic noise. In this case, the lens 344 can 
be composed of Si. C3e, QaAs, InP.^ GaP. ZnSe. ZnS, or ^ 
the likB.'.Furthermore, theleTO 344 may have a sur^ce ' 
relief stoicture in accordance with the ph^e modulation . 55 
anrourttdFtheleni ' ,1" - ■ 

The lens 344 is designkl .so. tte^ the light source 
341 is positidned at a distance d from the entrance win- 
dow 347. as shown in Rgure 26(a), not at an infinite dis- 



tance therefrom. According to this design of the lens 
344. the ratio of light which is focused onto the pyro- 
electric element 343 among light radiated from the light 
source 341. the light utilization efficiency, and the level 
of a signal output from the pyro-electric element 343 are 
increased. The pyro-electric element 343 is disposed at 
a position which is shifted in an x-axis direction by Af 
from the position on which incident light is focused by 
the lens 344 as shown in Figure 26(a). Thus, light is 
made to be uniformly incident upon the pyro-electric 
element 343, thereby preventing light from being exces- 
sively focused in order not to irradiate only a partial 
region of the pyro-electric element 343 with strong light 
energy density. Also, the output of a signal from the 
pyro-electric element 343 can be . prevented from 
decreasing. 

Furthermore, in Embodiment 8, the lens 344 has a 
rectangular shape so that light is incident upon the 
entire surface of the pyro-electric element 343 for the 
same reason as that of Embodiment 4. Therefore, the 
shape of a spot of light on the output efficiency control 
device 342 has a direction opposite to that of tfie spot 
shape formed on the output efficiency control device of 
Embodiment 4. i.e.. the shape of a spot becomes a trap- 
ezoid which is narrow on a +z side. Therefore, the grat- 
,.ing conf^uration of the output efficiency control device 
^ 34g ,has ;a tra pezoi dal sha pe which is narrow on a +z 
, side as shown in Figure 26(b) for the same reason as 
that bf.>Enfoodiment 4; Thus, light inBdiated onto the 
output effidency control device 342 can be uniformly 
diffracted, 

,lhB infrared sensor 300 in vyrfiich.eacii component 
is ananged as descn*becl above is operated in almost 
the same way as in the infrared sensor of EnixxSment 
4. More speptffba^ tfie output effidency.c^ device 
342 isdriv^ by turning on/off a voltage applied to the 
upper and lower electrodes of the output effidency con- 
trd device 342. whereby the inddence or non-inddence 
of fight to the pyro-electric element 343 is svwtched. This 
allows chopping of light to be achieved, and a signal is 
output from the pyro-electric elemert* 343, thereby it 
becomes possible to know the presence of the light 
source 341. the intensity o^ lighft therefrom, and the like. 

In Embodiment 8. in the case where electromag- 
netic noise generated from the output effidency control 
device 3(K) is substantially large and in the case where 
the position of the light source witfi respect to the infra- 
red sensor 300 is relatively constant and in particular, 
ttie size of the light source is small, tfie light utilization 
effidency is high. Therefore, an infrared sensor with a 
very high sensitivity can be provided. 

(Embodiments) 

,v Refening to Rgures 27 through 29, ttie case where 
,the output efficiency control device of Embodiment 9 of 
,tfie present invention is used as an infrared sensor will 
be exemplified. The output effidency coritrol device of 
Embodiment 9 becomes capable of two-dimensionally 
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bias potential having a constant potential difference with 
respect to a voltage applied to these lower electrodes 
468: tor example, the upper reflective fflms 466 are 
grounded. In the output efficiency control device array 
453 having a structure as described above, a varying 
voltage, e.g.. 0 [V]. +30 [V] is applied to the individual 
lower electrodes 468, whereby the individual output effi- 
ciency control devices can be driven. 

Next, an exaniple of means for measuring the two- 
dimensional intensity distribution of a light source (heat 
source) using the output efficiency control device array 
453 will be described with reference to Figure 29. Here, 
as an exanple of the output efficiency control device 
array, an array 473 in which 4x4 output efficiency con- 
trol devices are euranged is considered. For the purpose 
of clear description, as shown in Rgure 29. a, b, c, and 
d columns from the left side and 1 . 2, 3. and 4 rows from 
above are used. Hereinafter, the two-cOmensional inten- 
..sity distnbution of the heat source 471 having a tw - 
dimensional intensity distritxition, for example, as in a 
human txxiy will be successively described. 



measuring the intensity of infrared light, for example, in 
the case where it is used as an infrared sensor. In the 
past, in order to two-dimensionally measure the inten- 
sity of infrared light, for example, pyro-electric bodies 
are arranged in a two-dimensional array, and a two- 5 
dimensional intensity distribution is obtained from the 
output information of the respective pyro-electric bod- 
ies. However, according to such a method, a number of 
pyro-electric bo6\es are required, greatly increasing the 
price. 10 

Rgure 27 is a view showing a structure of an infra- 
red sensor 400 of Embodiment 9, As shown in Figure 
27. the infrared sensor 400 incIiKles an output efficiency 
control device array 453, a lens 452 for focusing incident 
light 451 onto the output efficiency contrd device array is 
453, and a pyro-electric element 454 receiving light 
from the output efficiency control device an'ay 453. and 
a spacer 455 determining an angle 02 at which the inci- 
dent light 451 is incident upon the output efficiency con- 
trol device anay 453. The infrared sensor 400 of 20 
Emt)odiment 9 is different from fliat of Embodiment 4 
only in that the output efficiency control device array 453 
is used in place of one output efficiency control device. 
Therefore, only this point will be descn'bed. 

Rgure 28 is a view showing a structure of the out- 25 
put efficiency control device anay 453: (a) is a plan 
X- view , (b) is a cross-sectiorial view t aken alon g a line H- 



^ T H* lh'(a), and (c) is a cross-secAc^ view taken along a 
1; line H' in (a). As Is Und from Rgures 28{a) 
> through (c). the ouipirt'effideincy control device anay 
453 of Embodirnent'9 basically has a structure in which 
. the output efficiency control devk:es of Eni>odiment 4 
f ' are arranged in ah iarinEi^ ii u . jtu. . 

As shown in Rgures 28(b) and (c), the output effi- 
ciency control device array 453 has a substrate 461 on 
which an array d gratings Is pirdvided.^lh Embodiment 9. 
a silicon sut)strate on wiik^ wiring (not shown) or the 
like for appl^ng a voltaige is fbmned is used as the sub- 
strate 461 . A spacer layer 463, for example, made of a 
silicon oxide film doped witfi a large amount of phospho- 
rus is formed on the periphery of the substrate 461 . Fur- 
thermore, an elastic layer 464. fbr exai^ a 
silicon nitride film with its residual stress reduced to, for 
example, 200 MPa or less of tensile stress is provided 

on the spacer layer 46 3. - 

Upper reflective films 466 and kwer reflective fOms 
467 are formed, for exaniple, by vapor-depositing Au to 
a thickness of 0. 1 pni. Lxvwer electrodes 468 are formed 
on the substrate 461 . as shown in Rgures 28(b) and (c). 
The fower electrodes 468 are obtained, for example, by 
depositing a polystlicon film, whose sheet resistance is 
reduced to, for example, 20 n • cm. by being doped with 
a large amount of phosphorus, to a thickness of 0.5 
on the substrate 461 b/ LPCVb^ 
The fower electrodes 468 are connected to the above- 
mentioned wiring (not shown) foir a voltage application 
n the substrate 461 so that a voHage is applied to the 
lower electrodes hxlividuaiiy. The upper reflective films 
466 which also function as upper electrodes are at a 



(1) Only the output efficiency control device in an a1 
portion of the ou^^ut efficiency control device array 
473 is driven to conduct optical modulation, 
whereby the intensity of, for example, infrared light 
which is incident upon t he a1 port ion is detec t ed b y 
^ - ; ; the pyro-electric Sero ' ■ ' 

30 (2) Next, only the output efficiency control device in 
an a2 portion is similarly driven to conduct optical 
modulation, wher^ the intensity of infrared light in 
' the a2 portion is detected.^' ; 

35 (3) Thereafter, the output efftderu^ PPvT^rol devices 
' ^ J in a3 through d4 portions are sud^ 
the same w^ ''^'^y^' /' 

According to the above procedure, the distribution 
40 of two-dimensional infrared light intensity can be 
detected as signal informatipnjn time sequence, not as 
Jns^ infontiation. Fbr EmBodirnerit 9. ttie 

.pyro-^ectric element 474 whldi takes 5 rnsec for 
. ~ detecting a signal was used, therefore, for example, it 
45 was required to ta ke about 1.3 seconds for obtaining a 
OTeerifui dTnforniation in an anay composedof a 16 x 
16 device group. 

In the output efficiency control devfoe array of 
Embodiment 9. a rectangular lens is used so as to 
50 ofcrtain a two-dimensional intensity distribution in a rec- 
tangular region. At this time, tiie shape of a spot of light 
which is incident upon the output efficiency control 
device array becomes a tiapezoid for the same reason 
as that In Embodiment 4. Therefore, as shown in Rg- 
55 ures 27 through 29, the plane configuration of the output 
efTtciemy control device array is also prescribed to be a 
trapezoid. In tilts manner, the energy amount of light 
whfoh is inddent upon the individual output efficiency 
' comrol device can t^e made constant by matching tiie 
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array shape with the spot shape. Therefore, an intensity 
distribution can be precisely measured. 

As desatoed above, the infrared sensor of Embod- 
iment 9 is a two-dimensiona! infrared sensor which is 
less expensive and very useful. In the case where it is s 
desirable to increase the nunt>er of output efficiency 
control devices so as to detect a large region or conduct 
detection with precision, or in the case where a long 
measurement time is shortened, it is considered that 
another plurality of infrared sensors described in io 
Embodiment 9 are arranged and simultaneously driven. 

(Embodiment 10) 

Hereinafter, an infrared sensor of Embodiment 10 is 
will be descra^ed with reference to Rgure 30. 

i^Figure 30 is a view showing a structure of an infra- 
redr^iensor 500 of Embodiment 10: (a) is a aoss-sec- 
tiona! view and (b) is a view seen |n a -x direction from 
a pTane which is parallel to a y-z plane and includes a 20 
linl'j-J', ^ \ ' 

As shown In Figure 30. the infrared sensor 500 has 
an array 582 of a plurality of arranged output effidency 
control devices! a pyro-electric element 583, a lens 584, 
and a spacer 585. which are accommodated in a hous- 2s 
ing 586 provided with an entrance ^window 587 on its 
upper surfa^ TJ^ deter mines an incid ent 

angle~iBf2 atlftilftrfi lig^ ~ 
derrt upon an output effidency control device array 582. 
The light souice 581 has a two<limensional intensity. 30 
distribution with a relatively small area. In Embodiment 
10, a diffiBctic^type te^ 

substrate is used as ihe fens 584. As the entrance win- 
dow 587, for example, a silicon stbstrate with a band- 
pass wavelength fi% te be used. As 35 
is ufxiensbwd fronni^^n^ sensor 500 of 
Enrixxliment 10 uses a plurality of output effidency con- 
trol devices arranged In an array in the same way as in 
Embodiment 9, in place of one output effidency control 
device in the infrared sensor off Entiodiment 8. 4o 
■ ji^n the infrap^ senior S^til Eritx^ 1 0, in the 
sartil vyay as in the infraroi' serisbr of Embodiment 4. 
the lens 584 isxiisposed between the output effidency 
coriiPol device array 582 and the pyro-electiic elment 
583. and the lens 584 is made of, for example, conduc- 45 
tlve silicon, thereby an electromagnetic noise generated 
from tiie output effidency control device anay 582 can 
be blocked. Furthermore, light utilization efficiency is 
high when a light intensity distribution in a relatively 
small region is measured, so tfiat a two<limensional so 
intensity distribution can be measured at high sensitiv- 
ity. 

(Enr6odiment 11) " T . " " 



S5 



'Hereinafter, refemng to Rgure 31. a non-contact 
thermometer of Embodiment. 11 vwll be described. Rg- 
ure 31 is a view showing a structure in cross-section of 
a non-contact thermometer 600 of Embodiment 11. As 



shown in Figure 31. the non-contact thermometer 600 
has an output effldency control device 641 , a pyro-elec- 
tric element 643, a lens 645. and a contact-type temper- 
ature measuring means 649 such as a thermo-couple. 
These are accommodated in a housing 646. As ttie out- 
put efficiency control device 641, any of the output effi- 
dency control devices described in the above- 
mentioned Embodiments 4, 6. and 7 may be used, or an 
array of a plurality of an-anged output efficiency control 
devices as described in tfie above-mentioned Embodi- 
ment 9 may be used. Here, the non-contact thermome- 
ter 600 will be described, exemplifying ttie case where 
the output efficiency control device of ttie above-men- 
tioned EntKxiiment 4 is used. In Emtxdiment 11 . a dif- 
fraction-type lens havif^ a square aperture made of 
silicon is used as the lens 645. The non-contact ttier- 
mometer 600 furtfier has a shield 647. The shield 647 is 
attached to a surface of ttie housing 646 to which ttie 
lens 645 is attached in a mechanically movable manner 
and blocks infrared light 650 which is inddent upon tfie 
lens 645 from an object (not shown) whose temperature 
is to be measured. 

Hereinafter, a measurement principle of ttie non- 
contact ttiemiometer 600 will be described with refer- 
ence to Rgure 31. Rgure 31(a) shows a state where ttie 
lens 645 is shielded witii ttie shield 647 and the incident 
infrared li ght 65 0 doe s not enter tti e non-ic^ tiier- 
nriometer 600., At this time, a signal generated in tiie 
pyro-eiectric eienrient 643'by,operating ttie output effi- 
dency control devkie 641 oon^esporids to ttie tempera- 
ture of ttie shield 64Z ttie contact- 
type temperature meastiing means (thermo-couple) 
649 is disposed, ibr e)emp|e. on an inner wall of ttie 
housing 646 airid measures tiie temperature of the 
.^busing 646 in a cpnted ms^ , 11 , 
. i^,. In terms of princ^^ ttie coritaci-typelenper^ 
measuring means 649 is desirably disposed on ttie 
shield 647. However, as described later, in Embodiment 
11, ttie shield 647 is mechanically moved: therefore, 
when the contact-type temperature measuring means 
649 is disposed on the shiekl 647. tiiey become compli- 
cated in terms of rnechanism and its durability is 
degraded. Therefore, in Embodiment 11. the tempera- 
ture of the housing 646 is measured as ttie tenperature 
of ttie shieW 647. AccortEng to tiie measurement by ttie 
inventors of tiie present invention, ttie difference In tem- 
fDerature between ttie shield 647 and the housing 646 is 
suffidently smaller than 0.rC which is a precision of ttie 
non-contact ttiermometer 600 of Embodiment 1 1 . Thus, 
the difference in temperature has no practical problem. 

Figure 31(b) shows a state where tiie lens 645 Is 
not shiekJed witti ttie shieM 647. Such a state can be 
realized. ..for exarTiple, .byt manually sikling ttie shieki 
647. At f\is time, tihe inddent infrared li^^^ 650 enters 
ttie non-contact ttienriometer isoo tiirough the lens 645. 
and ttie intensity of ttie inddent infrared light 650 can be 
detected as a signal from ttie pyro-electric ^element 643 
by driving the oir^ut effkaency control device 641 in 
accordance witti the principle described in EntKxiiment 
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4. In general, in the case where the radiation ratio of an 
object is constant, the intensity of infrared light output 
from the object is proportional to the fourth power of the 
object temperature. Therefore, the temperature of an 
object (not shown) whose temperature is to be meas- 5 
ured can be calculated based on the measured signal 
intensity, the intensity of a signal output from the pyro- 
electric element 643 in the state shown in Figure 31(a). 
and the signal detected by the contact-type temperature 
measuring means 649. 10 

As desaibed above, in the non-contact thermome- 
ter 600 of Embodiment 11 , the incident infrared light 650 
Is modulated by the output efficiency control device 641 , 
whereby the non-contact thermometer 600 can be min- 
iaturize and the power consunrption can be is 
decreased. Furthermore, in the output efficiency control 
device 641. the output efficiency is modulated by a 
minute operation of the beams as described in Embodi- 
ment 4. so that noise Is not caused at a time of driving. 
In recent years, an eardrum thermometer, which meas- 20 
ures a body temperature by measuring the temperature 
of an eardrum of a human body in a non-contact nnan- 
ner. has been developed. The non-contact thermometer 
600 of Embodiment 11 does not generate noise at a 
time of driving even when used for such a purpose. ^5 
Therefore, ttie hon-cbntad thermometer 600 has a 
gr eat ad vantag e that it does n ot invo lve an y un pleasant- 
ness wheri in usa 

' In Embodiment 11. the case where the output effi- ' 
ciency oontrbi device of the above-mentioned Embodi- W 
meht 4 is used as the output efficiency control device 
has been described. However, it is appreciated that the 
butput efrraisncy control d in Emtxxii- 

mem 6 or 7 or the output efficterk;y control device array 
of Embodment 9 may be used in accordance with^e ss 
applicaffon: f=br eaoa^ the output effi-^ ^ 

ciency control device anay described in Enrtbodiment 9 
enables the two-dimensional temperature distnl3ution to 
be measured in a non-contact manner. It is also appre- 
ciated that the arrangement of the lens and the output 40 
efficiency control device is applicable in accordance 
witti an object to be measured, as described in Embod- : 
imentSorlO. 



Furthermore, in the output efficiency control device 
of the present invention, the plane configuration of a 
grating portion is designed in accordance with the 
shape of a spot of incident light formed on the output 
efficiency control device. For example, even when the 
spot shape of incident infrared light on the output effi- 
ciency control device becomes a trapezoid, the number 
of the beams induded in the trapezoidal spot can be 
made constant in the upper and lower portions of the 
trapezoidal spot and a uniform diffraction effect can be 
obtained by prescribing the period of the beams forming 
the grating so as to vary according to a linear function in 
their longitudinal direction. Thus, the degradation of the 
modulation characteristics caused by non-uniform dif- 
fraction of light can be prevented. 

Furthermore, in the output efficiency control device 
of the present invention, the lengths of all the beams are 
prescribed to be equal. Becausie of this, all the beams 
can be conpletely. amultanepusly operate when a 
voltage is applied or rerhoved, Therefore, driving f 
on/off of light can be perform^ at a high speed, and 
driving at a high frequency becomes possible. Thus, in 
the case where such an output efficiency control device 
is applied to. for example, an infrared sensor, detection 
with high prectsidn can be conducted within a short 
period of tima 

The ou tput efficiency contr ol de vice having ^a grat;_ 
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ing whose plane configuration is designed as described 
above can also be applied tp the display apparatus of 
the present invention. For exanple. when a lens with a 
rectangular ap^re is used as the focusing means, the 
plane configuration of the grating of the output efficiency 
ODntrpI device in the optical nxxjulator is designed to be 
a trapezoid in which the interval between the beams 
varies accon&ib to a linear function in their longitudinal 
direction^'" ^''^.^ ' \^ "7^"?"" ■■ 

Furtherrnore. in the ^e where the output effi- 
ciency contrd device of the present invention is applied 
to an infrared sensor, for example, even when ^e spot 
ishape on the output effidency control device becomes 
a trapezoid, usoig a lens having a rectar«gular aperture, 
the mc)dulatiori characteristici^ jc^ from 
degrading by disjxi^ri^ control 
device between the fens and the pyro-electric element. 
In this case, a spot fonned on the pyro-electric element 



As descrOsed above, in the optical nxxJulator of the 
pres^ invention, the output effidency control device 
and the focusing means are used in combination, 
thereby a light Irradiation area on the output efficiency so 
control device is deaeased and the output efficiency 
control device is miniaturized. Because of this, an opti- 
cal modulator can be realized, which has a high 
resporise^^^^^^^^ capable of 

modulating inddent light having a tetrge beam diameter, ss 
When such an optical modulator is applied to a projec- 
tion^ype display apparatus, a prcjectioh^ display 
apparatus having large nght utilizatioh efifidency can be 
realized. 



has a rectangular shape with a size smaller than that in 
the case of using a lens having a drcular aperture. 
Thus, fight is enabled to be inddent upon the entire 
pyro-electric element and a pyro-electric element with a 
small area will suffice, so tiiat a cost can be reduced. 
Simultaneously, a signal level higher tiian the level con- 
ventionally obtained can be obtained. Therefore, an 
infrared sensor vi^ ultra-small size and high sensi- 
tivity can be realized as a whole. / 

Alternatively, in ari infrared serisor using the output 
efftdency control device of the present invention, light 
output from the output effidency control device is 
focused onto the pyro-electric element by using a lens, 
tiiereby outgdng light from a point light source at almost 
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a constant distance from the sensor can be utilized at a 
high efficiency. Furthermore, by designing the lens so 
as to have a rectangular aperture and using an output 
efficiency control device having a grating with a plane 
configuration in accordance with a spot shape formed 
by the lens in such a structure, the area utilization effi- 
ciency of the lens is enhanced. Therefore, a miniatur- 
ized infrared sensor with high sensitivity for short 
distances can be realized. 

Furthermore, in the case where the output effi- 
ciency control devices of the present invention are 
arranged in a two-dimensional array when the fight 
Intensity distribution is different in a spot, for example, 
due to tiie trapezoidal shape of the spot the total 
amount of energy oif light which is incident upon the indi- 
vidual output efficiency control device is made equal by 
prescribing the entire output efficiency control device 
arrfy'^to be a trapezoid. In the case where a plurality of 
oufptit efficiency control devices are arranged in a two- 
dirnSisipnal anray and incorporated into an infrared 
sensbr as de^bed above, a two-dimensional infrared 
light intensity distributfon can be detected as infomna- 
tion in time sequence by successively operating the out- 
put efficiency control devices and successively 
detecting signals output from a pyrp-electric element at 
that time, and a much less expensive two-dimensional 
infrarki sen^^^ 
7 ^FurtKermw^ 

the present invention can also be applied to a non-con- 
tact thermometer, In this case, first the output efficiency 
control device is driven in a state wherejnfrared light is 
preyented from er^ a ;hbusing qf^e ron-oc^ 
therhibmeter'b/^^^i^ a shjelid and a signal generated 
from a pyro-dte^bnc element is detected, while the tem- 
peraturei is measured by ^^ot 
measuring means provided in the houahg. Thereafla^, 
the output effidency control dWto^ is driven and a sig- 
nal generated from the pyro-electric element is 
detected, in a state where the shield is opened so as to 
allow infrared light to entering the housing of the non- 
cor#ct jfiemiorhet^^^ on^ the signals generated 
fronv the pyro-eiec^ 

twp^^t^ and the torqjefature measured by tiie con- 
tact-fj^e temperature measuring means, tiie tempera- 
ture of an object to be measured can be measured with 
remarkable precision in a non-contact manner. 

Claims 



wherein the first and second focusing 

means are disposed so as to oppose the output 
efficiency control means. 

5 2. An optica! modulator according to claim 1 . wherein 
the output efficiency control means is a reflection- 
type optical element. 

3. An optical modulator according to claim 1 . wherein 
10 tiie first focusing means and tfie second focusing 

means are formed on an identical surface of a sub- 
strate. 

4. An optical modulator according to claim 1, further 
15 comprising a transparent substrate having a first 

surface and a secorxl surface opposing each ottier, 
wherein tiie first focusing means and tine 
second focusing means are formed on the first sur- 
face of tiie transparent substrate, and tiie output 
20 efficiency control means is a reflectiori-type optical 
element formed on tiie second surface of tiie trans- 
parent substrate. 

5. An optical modulator according to claim 1 , wherein 
25 tfie output efficiency control means conrprises: 

a transparent elecfro de which functions as a 

first electrode, iomed on the second surface of 
the transparent substrate; - 

30 a first grating fbmied on the transparent elec- 

. trode; \ ^ . 

, a spacer Jayer lbmed on the tran^rent elec- 
trode; and , ■ . 

a second grating composed of a . plurality of 
.35 beanre; ha^ vyhfch functions as a 

. ; se<x)nd^ electrode, botfi ends of the l>eams 
beirig supported on the spacer fayer, 

wherein a distance between the trans- 
parent electrode and the second grating is var- 
,40 led by adjusting a voltage applied b^ 

. fir^ electrode and the,^ sedpnd electrode, 
thereby cbnfrolling an efficiency at which tiie 
light focused by the first focusing means is out- 
put to tiie second focusing means. 

45 

6. An optical modulator according to claim 5, wherein 
tiie output effidency control means furtiier includes 
an insulating layer provided on tiie first grating. 

7. An optical modulator according to claim 3. wherein 
tiie first and second focusing means have an iden- 
tical shape, and 

, is disposal with a c^ef'^to^^ at a 

. ppirit of intersectiofi of a line vertical to a plane on 
which , tiie first focusirig means and tiie second 
focusing means are formed, extending from a 
center of a straight line Connecting a center of tiie 
first focusing means and a center of the second 



1. An optica! modulator comprising: so 

output efficiency confrd means for modulating 
a light €UTX)urtf d ligl^^y^^ ' 
uppnf;^''' ' ' ''^ ■ ■ ■■ ' 

first focusing means for focusing tiie light orito ss 
tiie output effkaeaicy contra ^ . 

second 'focuang means fbr outputtirig ttie fight . 
' whose fight amount is modulated by tiie output 
efficiency control means. 
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focusing means, and a plane on which the output 
efficiency control means Is formed. 

8. An optical modulator according to claim 3. wherein 
the first focusing means and the second focusing s 
means have a similar elliptical shape in which a 
cross-section in a thickness direction gradually 
decreases and are arranged in a major axis direc- 
tion thereof. 

10 

9. An optical modulator according to claim 8. wherein, 
assuming that an incident angle of an optical axis of 
the light incident on the first focusing means with 
respect to a vertical direction of a plane on which 
the first focusing means and the second focusing is 
means are formed is 6, a size ratio of the major axis 

of the ellipsokj to a minor axis is l/cosG . 

10. An optical modulator according to daim 1. wherein 
the output efficiency control means is a movable 20 
mirror. 

11. An optical nrxxjulator accading to daim 3, wherein 
the first focusing means and the second focusing 
means are diffraction-type mircolenses having a 25 
binary/nfnjHi-level structure. 



12. An optical modulator according to daim 5, wherein 
the first focusing means and the secppd focusing 
rneans ar^ sqijare lenses each haying a reclangu- 30 

" ' iar aperhjre/ai^ ' 
beams in the second grating of the output effidency 

' control means gradually increases;lh a longitudinal 
direction of the beams. 

1 3. An optical nriodulata according to daim 12i whereh 
a period of the grating inaeases accorcfing to a lin- 
ear function in a longitudinal direction of the grating. 



Efficiency contToi means are deigned oTsudi "a~ 
manner that a portion of the grating having a small- 
est period becomes 7 times or nrx>re a wavelength 
of the incident light. 



'40 



14. An optical modulator according to daim 12, wherein 
lengttis off the plurality of beanis are ecM >n the 
second grating: r : 



1 5. An optical modulator according to daim 12. wherein 
the first grating and the second grating of the output 45 



50 



16. An optical modulator according to daim 15. 
wherein, assuming that a length of one side of the 
lens is L. a fpcal length of the lens is f, and an angle 
formed by a normal to a ^iindpal plane of the plate 
of the output effidency oorifrbl device and the opti- ss 
cal axis of the lens is 6. tiie first grating and the sec- 
ond grating are designed in such a manner that a 
portion of ttie grating^ having a largest period 
becomes 7(2f + Ltane)/(2f ^ UanO) times or more 



the wavelength of the incident light. 

1 7. A display apparatus comprising: 

a light source; 

splitting means for splitting light emitted from 
the light source into a plurality of colored light 
beams having wavelength ranges different 
from each other; 

a plurality of optical modulators, provided in 
optical paths of the plurality of colored light 
beams, respectively, for modulating the plural- 
ity of colored light beams, respectively; and 
an imaging lens for imaging the plurality of 
colored light beams nrxxjulated by tiie plurality 
of optical nK)dulators. 

wherein each of tine plurality of optical 
modulators indudes: 

a plurality of, output efficiency co^ means 
; arran^ied/ih Jart modulating a light 

amount bf corresponding cdored light beam of 
the plurality of colored light beams; and 
focusing means having a plurality of focusing 
elements arranged in an array, the correspond- 
ing colored light beam is inddent upon the 
focusing means in a direction oblique to an 

' optical axis of the fbcusi r tg means and is 

focusedonthe output effiden^xontrol means, 
and tiie rrkxlulated corresponding colored light 
beam is output in an oblique direction tiirough 
the focusing means' ' 

18. A displ^ apparatus according to daim 17, wherein 
an incidertt angle at which tiie colored light beam is 
incident \xpm the focusing means is equal to an 
arigle at whi(^ the d>lor^ 

the fbcusirig mearis. 

an intenal at which tiie plurality of output effi- 
dency conb^ol means are ananged is equal to 
an interval at vt^ldh tiieplurafity of focusing ele- 
ments are arrsuiged in tiie locus 
the plurality of output |ffidency confrol means 
are disposed so as to bf shifted by a half of the 
arrangement interval respect to the fbcus- 
ing means in a direction in which an incident 
directiori of tiie colored light beam is tilted witii 
respect to the optical axis of the focusing 
means. 

1 9. A display apparatus according to daim 1 7. wherein 
each of tiie plurality of output efficiency control 
means is disposed so as to oppose a pair of focus- 
ing elements adjacent to eadi other of tiie plurality 
of focusing elements of tiie focusing means, 
receives tiie correspon(£hg cdored light beam from 
one of the pair of focusing elements, and outputs 
tiie modulated corresporiding cdored light beam to 
the otiier one of the pair of focusing elements. 
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20. A display apparatus according to claim 1 7. wherein 
the plurality of output effictency control means are 
arranged in an m-row arKl n-column two-dimen- 
sional array, the plurality of focusing elements are 
an-anged In an (m+1 )-row and n-column two^imen- 5 
sional array in the focusing means, and output effi- 
ciency control means on a k-th row is disposed so 
as to correspond to a focusing element on a k-th 
row and a focusing element on a (k+1)-th row. 

10 

21 . A display apparatus according to claim 1 7. wherein 
the plurality of optical modulators include a trans- 
parent substrate having a first surface on which the 
focusing means is formed and a second surface 
opposing the first surface, and the output efficiency is 
control means is a reflection-type optical element 
formed on the second surface. 

22. A display apparatus according to claim 21, wherein 
.leach of the plurality of output efficiency control 20 
%eans includes: 



light beams, and a third splitting element which 
reflects a red light beam and transmits the other 
light beams. 

26. A display apparatus according to daim 25, wherein 
a wavelength bandwidth of light r^ected from the 
first splitting element is smaller than wavelength 
bandwidths of light reflected from the second split- 
ting element and the third splitting element. 

27. A display apparatus according to claim 25. wherein 
a wavelengtii bandwidth of light rejected from the 
third splitting element is larger than wavelength 
bandwidths of light reflected from the first splitting 
element and the second splitting element. 

28. A display apparatus according to daim 25. wherein 
a wavelength bandwidth d reflected light 
decreases in the order of the third splitting element, 
the second splitting element and the first splitting 
element 



a transparent electrode which functions as a 
first electrode, provided on the second sur^ce 
of the transparent sut>strate: 
a first grating formed on the t-ansparent elec- 
' y ' .;trode; „ . ^ J^Z'^'^^ 
~ " ~ ' a spacer layer formed on transparent el4c-" 
trode;ahd J ; J ' ' / ; \ ^ 
a second grating coirposed of a plurality of 
beams having a portion which functions as a 
secqnc! elecfrode,^l^ beams 
' [ being supporto^ 

' wherein a distance between the trans- 
parern electrode a^^ grating is var- 

ied by adjusting a wifts^e appliaJ between the 
first electrode and the second electrode, 
thereby an eff idency at which the correspond- 
^ ing colored light beam is output to the focusing 
means.is controlled. 

23J;r^fcilisplay appWatus according^ claim 17, wherein 
the plurality of focusing elements have a similar 
elliptical shape in which a cross-section gradually 
decreases in a thickness direction thereof 

24. A display apparatus according to claim 23, wherein . 
assuming tiiat an angle of an optical axis of ttie cor- 
responding colored light beam incident upon tiie 
focusing means with respect to a vertical direction 
of a plane on which the focusing means is formed is 
e. a size ratio of a major axis of the ellipsoid to a 

\ minor axis is 1/cose . / 

25. A displ^ apparatus accdrc&ig to daim 1 7. wherein 
the splitting means has a f^st splitting element 
which ref lects a blue light beam and transmits the 
other lighrt beams, a siecond splitting element which 
reflects a green light beam and transmits the otfier 



29. A display apparatus according to daim 25. wherein 
the light emitted from the light source passes 
25 through the first splitting element, the second split- 
ting element, and the tiiird splitting element in this 
order. _ 



. 30. A'display apparatus according to daim 22. wherein 
•30 . each of the plurality d optical modulators further 
has a control circuit of the output effidency 
-r r '^^n^i*^^ <Blectrode1^ each of the 

output efficiency control means is connected to a 
connecting electrode d the control circuit via a sol- 
35 derbump. 

31/ A display apparatus acco^ 

each of the plurality d optical modulators further 
has light atjsorbing means provided in a region of 
40 . . the tiansparent substrate, ottier tfian a region 
'thereof where the focusing means and the plurality 
d output efficiency control means are formed. 

32. A display apparatus according to daim 31 . wherein 
45 the light absorbing means is also provided on each 

periphery of tiie plurality d focusing elements. 

33. A display apparatus according to daim 22. wherein 
the output efficiency control means outputs zero-th 

50 ader diffracted light of the corresponding colored 
light beam. 

- ;34w A display apparatus according to daim 17, wherein 
ttie plurality of output effidency coritrol means are a 
55 . movable min-or array. 

35. A display apparatus according to daim 22, wherein 
ttie focusing means is a diffraction-type mircolens 
array having a binary/mufti-level structure. 
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36. A display apparatus according to claim 22. wherein, 
in the second grating, an interval of the plurality of 
beams gradually increases in a longitudinal direc- 
tion of the beams. 

37. A display apparatus accading to claim 36. wherein 
a period of the grating increases according to a lin- 
ear function in a longitudinal direction of the grating. 

38. A display apparatus according to daim 36, wherein, 
in the second grating, lengths of the plurality of 
beams are equal. 

39. An output efficiency control device which modu- 
lates a light amount of incident light and outputs the 
modulated light comprising: 

a plate having a portion which functions as a 
first electrode; 

a spacer \ay& formed on the plate; and 
a grating competed of a pluralfty of beams 
which are not parallel to each other, the beams 
having portions which function as second elec- 
trodes, both ^ids of the beams being sup- 
ported on the spacer layer, 

wherem a distance between the grating 
ard the f^ate is varied by adjusting a voltage 
applied beNveen the fii^ d ectrode and ttie s^- 
ond electrodes, thereby an ou^3ut effidency of 
tfie light is controlled. 

40. An output effidency control device according to 
daim 39, wherein a period of the grating gradually 
increases in a longitudinal direction of tiie grating. 

41. An output effidency control device according to 
daim 40. wherm the period of the ^ting 
increases according to a linear function in a longitu- 
dinal direction of the grating. 

42. An output effidency control device according to 
daim 40, wherein liengths of the plurality of beams 
are equal. 

_^3.-An„output -effiden^_^control_device_accprdin 
daim 39, wherein the plurality of beams of Uie grat- 
ing are aligned on an identical plane when a voltage 
is not applied b^een the first eledrode and the 
second electrodes, and every other beam is 
attracted to the plate when a voltage is applied, 
thereby ttie output effidency Is controlled. 

44. An output effidency control device according to 
daim 43. wherein the plurality of beams are 
densely aligned and function as a minror when a 
voltage is not applied between the first electrode 
and the second electrodes. 

45. An output effidency control device according to 



daim 39. wherein, assuming that a wavelength of 
the inddent light is X, and an angle formed by a nor- 
mal of a prindpal plane of the plate of the output 
effidency control device and an optical axis of the 
5 incident light is 8, an operation distance of the grat- 
ing is set to be mA./{4cose) . where m is an integer. 

46. An output efficiency contrd device according to 
daim 39, wherein, assuming tiiat a wavelength of 

10 tine inddent light is X, and an angle formed by a nor- 
mal to a prindpal plane d tiie plate of the output 
effidency control device and an optical axis of the 
incident light is 6, a tiiickness of the beams is set to 
be mX/(4cos0) , where m is an integer. 

15 

47. An output efficiency contrd device according to 
daim 39. further conprising a reflective film formed 
on a surfece of the plate and a surface d the grat- 
ing. 

20 

43. An output efficiency control device according to 
daim 39, further comprising an insulating film 
formed between the plate and the grating. 

25 49. An output effidency contrd device according to 
daim 48. further conprising a reflective film formed 
\ ^ on a surfece of the insulating layer and a surface of 
the grating. ' ^ 

30 50- An infrared sensor comprising: 

a lens for focusing ipfrared light; 
a pyro-electric element; and 
the output effidency contrd device of daim 39, 
35 wtuch receives the infrared light focused b^ 

' lens ieuid outpuis at least part of tfie infrared 
light to the pyro-electric element. 

51. An infrared sensor according to claim 50, wherein 
40 the pyro-electric element has a rectangular surface. 

52. An infrared sensor accading to daim 51. wherein 
. thelensha&arectangdar a^^ 

45 53. An i nfrare d sensor axprdjng to claim 50. whe rein 
the output effidency control device is obliquely dis- 
posed in such a manner that a normal to a principal 
plane of tfie plate is disposed so as not to be paral- 
lel to an optical axis of ttie lens. 

50 

54. An infrared sensor according to claim 50, wherein 
the output efficiency control device is disposed in 
such a manner that or^y zero-tfi order diffracted 
fight of diffracted light (fiffracted by the grating d the 
55 output efficiency cpntrd device is incident upori the 
pyro-electric elenrient and diffracted light otiier than 
the zero-th order diffracted light is not incident upon 
the pyro-electric element. 
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55. An infrared sensor according to claim 50. wherein a 
change in a distance between the grating and the 
plate of the output efficiency control device 
changes a light anrount of the zero-th order dif- 
fracted light. 

56. An infrared sensor according to daim 50, wherein 
the infrared sensor further includes a sealing mem- 
ber having an opening, and the sealing member 
contains the output efficiency control device and 
the pyro-electric element. 

57. An infrared sensor according to daim 56, wherein 
the lens is provided in the opening of the sealing 
member. 

58- Ari infrared sensor according to daim 50. wherein 
^"^he lens is a diffraction-type lens. 

59.; An infrared sensor according to daim 52. wherein a 
'"^'smallest period of the grating of the output effi- 
ciency control device is 7 times or more a wave- 
length of the infrared light. 

60- An infrared sensor according| to daim 52. wherein, 
assuming that a length of one side of the lens is L, 
a focal length of the lens is f, and an angle form^ 
by a normal to a prindpil plaheiif tfie^la^^ ttie 
output efficiency control device and an optical axis 
of the lens is e, a largest period of the grating is 
7(2f + Ltane)/(2f - Llane) times or more a wave- 
lengtti of the infrared light. ^ ' _ 

61- An infrared sensor ^ccordihg to daim 50, wherein 
the output eff iderTcy corTtrol device ts disposed in 
sudi a mafnier that ii cfirec^ which is parallel to a, 
principal plane of the plate and vertical to the grat- 
ing is vertical to an optical axis of the lens. 

62. ^An infrared sensor compridhg: 

,tihe output efficiency'cohtrol device of claim 39, 
" whichioutputs at least part of incident infrared 
light: 

a pyro-electric element; and 
a lens, provided between the output efficiency 
control device and the pyro-electric element, 
for focusing the infrared light output from the 
output efficiency control device onto the pyro- 
electric element. 

63. An infrared sensor according to daim 62, wherein 
the pyro-electric element has a rectangular surface. 

64. An infrared sensor according to daim 63. wherein 
the lens has a rekrtangular aperture. 

65. An infrared sensor according to daim 62, wherein 
the output effidency control device is obliquely dis- 



posed in such a manner that a normal to a principal 

plane of the plate is not parallel to an optical axis of 
the lens. 

5 66. An infrared sensor according to daim 62. wherein 
the output efficiency control device is disposed in 
such a manner that only zero-th order diffracted 
light of diffracted light diffracted by the grating of the 
output efficiency control device is incident upon the 

10 pyro-electric element, and diffracted light other than 
the zero-th order diffracted light is not incident upon 
the pyro-electric element. 

67, An infrared sensor according to daim 62. wherein a 
IS change in a distance between the grating and the 
prfate of the output effidency control device 
changes a light amount of the zero-th order dif- 
fracted light 

20 68. An infrared sensor according to daim 62, wherein 
the infrared siensor further includes a sealing mem- 
ber having an opening, and the sealing member 
contains the output, efficiency control device and 
the pyro^iectric element.. 

25 

69. An infrared s;ensor according to claim 62, wherein 
: a sur face i^elief structur e in a ccorda nce 

with a modulated am'w 

is composed of a material selected from a group 
consisting of Si. Ge. GaAs, InP. GaP. ZnSe, and 

70. An irifrared sensor according to daim 62, wherein 
the output efficiency control device is disposed in 
such a rnanner that a direction which is parallel to a 
prindpaJ plane of the plate and vertical to the grat- 
ing is vertical to an optical axis of the lens. 

71. An output efficiency contrd device anray which 
modulates^ a light amount of incident light and out- 

\ puts the nxxJulated light, having a plurality of output 
effidericy control devices arranged in a two-dimen- 
sional anay, each of the plurality of output effidency 
control devices conr^rising: 

a plate having a portion which functions as a 
fir^ dectrode; 

a spacer layer formed on the plate; and 
a grating conposed of beams which are not 
parallel to each other, the beams having por- 
tions which function as second electrodes, both 
ends of the beams being supported on the 
. spaoer layer, 

r . .wherein a distance between the grating 
, and the plate is varied by adjusting a voltage 
applied between the first electrode and the sec- 
ond elecb'odes. theretjy an effidency at which 
the fight is output is controlled. 
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72. An infrared sensor conpri sing: 

a lens for focusing infrared light; 

a pyro-electric element; and 

the output efficiency control device array of 

claim 71, which receives the infrared light 

focused by the lens and outputs at least part of 

the infrared light to the pyro-electric element. 

73. An infrared sensor, comprising: 

the output efficiency control device array of 
claim 71. which outputs at least part of incident 
infrared light; 

a pyro-electric element: and 
a lens, provided between the output efficiency 
control device and the pyro-electric element, 
for focusing the infrared light output from the 
output efficiency control device onto the pyro- 
electric element 

74. A method for driving the infrared sensor of claim 72. 
conprising the steps of: 



76. A non-contact thermometer comprising: 

a lens for focusing infrared light; 
a housing having an opening; 
a shield which closes and opens the opening; 
a pyro-electric element provided in the hous- 
ing; 

contact-type temperature measuring means 
provided on a side wall of the housing; and 
the output efficiency control device of daim 39. 
which is provided in the housing, recaves the 
infrared light focused by the lens, and outputs 
at least part of the infrared light 



77. A non-contact thermometer according to claim 76, 
wherein the contact-type temperature measuring 
means is a thermo-couple. 

5 78- A non-contact thermometer comprising: 

a housing having an opening; 

a shield which closes and opens the opening; 

a pyro-electric element provided in the hous- 

10 ing; 

contact-type temperature measuring means 
provided on a side wail of the housing; 
the output efficiency control device of claim 39, 
which is provided in the housing, receives infra- 

15 red light through the opening, and outputs at 

least part of the infrared light; and 
a lens which outputs at least part of the infrared 
light output from the output efficiency control 
device to the pyro-electric element. 

20 " ' 

79, A non-contact thermometer according to daim 78. 
wherein the contact-type temperature measuring 
means is a thermo-couple. 



a shield which closes and opens the opening; 
a pyro-electric element provided in the hous- 
ing; 

contact-type temperature measuring means 
so provided on a side wall of the housing; 

the output efficiency contrd device of claim 71 . 
which is provided in the housing, receives infra- 
red tight incident through the opening, and out- 
puts at least part of the irrfrared light; and 
55 a lens wNch outputs at least part of the infrared 

light output from the output efficiency control 
device to the pyro-electric element. 

83. A non-contact thermometer accordiog to daim 82. 



successively operating the plurality of output 
effldency control devices, and successively 
detecting output signals from the pyro-electric 
element thus obtained; and 
detecting a two-dimensional infrared light 
intensity distrixition as information in time 
sequence. t>ased on the detected output sig- 
nals from the pyro-electric element. 

75. A method for driving the infrared sensor of daim 73. 
conprising the steps of: 

successively operating the plurality of output 
efficiency control devices, and successively 
detecting output signals from the pyro-electric 
element Uius obtained: and 
detecting a two-dimensional infrared light 
intensity distrSxition as information in time 
sequence, based on the detected output sig- 
nals from the pyro-electric element. 



25 80. A non-contact therniometa" comprising: 

a lens for focusing infrared light; 
a housing having an opening; 
a shield which closes and opens the opening; 
20 a pyro-electric element provided in the hous- 

ing: 

contact-type temperature measuring means 
provided on a ^de wall of the housing: and 
the output effidency contrd device array of 
35 daim 71. which is provided in the housing. 

receives the infrared light focused by the lens, 
and outputs at least part of the infrared light 

81. A non-contact thernrometer according to daim 80. 
40 wherein the contact-type temperature measuring 

means is a thermo-couple. 

82. A non-contact thermometer comprising: 
45 a housing having an opening; 
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wherein the contact-type temperature measuring 
means is a thermo-couple. 

84. A method for producing the display apparatus of 
claim 1 7, comprising the steps of: s 

producing the plurality of optical modulators: 
and 

arranging and assembling the light source, the 
splitting means, the plurality of optical modula- w 
tors, and the imaging lens, 

wherein the step of producing the plural- 
ity of optical modulators includes: 
forming the focusing means on a first surface of 
a transparent substrate; is 
forming the plurality of output efficiency control 
means each having a connecting portion for 
driving on a second surface of the transparent 
substrate opposing the first surface: 
connecting the connecting portion for driving to 20 
a driving circuit for driving the plurality of output 
effidency control means; 
in the case where there is a connection defect 
between the connecting portion for driving and 
the driving circuit, irradiating the connecting 25 
portion corresponding to the connection defect 
with laser liglTt/ ther^ repairing the connec- 
tiori defect." 1 ^ i 
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FIG, 1 0 



(a) For R 




Voltage off 



Incident wavelength range 
-* — /— — »- 
Voltage on 



0.3 0.4 




0.5 0.6 0.7 
Wavelength [Am] 



(b) For G 



0.8 



Voltage off 

Incident wavelength 
range 



Voltage on 




0.4 - 0.5 - 0.6 

Wavelength f^m] 
(c) For B 



0.7 



0.8 



Incident 
wavelength 
range 



Voltage off 



0.3 0.4 0.5 0.6 
Wavelength [/im] 




I Voltage on ^.^ 



0.8 



40 



EP0 801 319 A1 




41 



EP0 801 319 A1 



FIG. 12 



100 




42 



EP0 801 319 A1 



FIG,13 




43 



EP0 801 319 A1 



FIG,14 



105 




44 



i 



EP0 801 319 A1 




45 



EP0 801 319 A1 



FIG. 1 6 




46 



EP0 801 319 A1 



FIG, 1 7 



(a) 



.123 

Q ^ ^ ^ ^: ^ ^ ^: ^ r/ — — 

Jla 1 ^ i * ^ N V N V ^ ^ ' 



125 



NT 



121 



(b) 



(C) 




132 



(d) 



1-^ y / y\ cr?Q 



126 




M' 



' " v. \; V ^ ^ V" 



ie)_ 



^3 S E3 S FXVj 



(t) 



128 



127 



'\^\~ ~ — — ^nr^ 



47 



EP0 801 319 A1 




48 



EP0 801 319 A1 
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